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Technical Guidelines Chapter 1, Part A: Introduction

1.A.1 Overview

On February 14, 2002, the President directed the Secretary of Energy, in consultation with the
Secretary of Commerce, the Secretary of Agriculture, and the Administrator of the
Environmental Protection Agency, to propose improvements to the current voluntary emission
reduction registration program under section 1605(b) of the 1992 Energy Policy Act. The
improvements were to enhance measurement accuracy, reliability and verifiability, working with
and taking into account emerging domestic and international approaches.

In response to this charge, the Department of Energy (DOE), in consultation with the other
agencies, has revised the reporting Guidelines for the VVoluntary Reporting Program in two parts:

« General Guidelines
« Technical Guidelines (calculating emissions and reductions)

The purpose of the General Guidelines is to establish the procedures and requirements for filing
voluntary reports. The purpose of the Technical Guidelines is to define permissible methods of

calculating reportable emissions and reductions. The Technical Guidelines are, in turn, divided

into two chapters:

« Chapter 1, Greenhouse Gas Emissions Inventory Guidelines
« Chapter 2, Greenhouse Gas Emission Reductions Guidelines

The Inventory Chapter is intended to be primarily a document in which possible methods of
estimating emissions and sequestration from the sources most likely to be encountered are
reviewed and rated. These Guidelines have a secondary purpose of acting as a guide for reporters
on how to estimate emissions, complementing the many excellent works already in the public
domain that cover this issue. The Inventory Chapter therefore avoids a detailed, guidebook-like
approach unless the estimation methods are not in the public domain.

1.A.2 Purposes and Principles

In preparing emissions inventories, reporters will be required to make many decisions, small and
large. The DOE is therefore providing extensive guidance on how to calculate and report
greenhouse gas emissions. No set of guidelines, however, can provide explicit guidance on every
decision that reporters may confront. While the General and Technical Guidelines endeavor to
provide guidance on the most important points, there will frequently be another layer of
complexity that the reporter must resolve. There will also, inevitably, be cases and issues that the
Guidelines have not addressed.

On those occasions when explicit guidance is not provided, reporters should decide how to act

based upon achieving the overarching objective of credibility. Only a report that is broadly held
to be credible will have future utility and achieve the shared objectives of both the reporter and
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the DOE. The overarching purpose of the Guidelines themselves is to define the set of choices
that are most likely to produce a credible report. In defining a credible report, the DOE has tried
to rely on the principles listed below. In making decisions for themselves, reporters should also
rely on these principles.

Accuracy. Reports should accurately characterize the emissions of the reporter. In choosing
emissions estimation methods, reporters should endeavor to use the most accurate method.

Accuracy, however, has another dimension. Resources, both human and financial, that can be
devoted to inventory preparation are inevitably limited. In deploying limited resources, reporters
should emphasize the emission sources that account for the largest share of total emissions at the
possible expense of minor sources.

Objectivity. An emissions inventory should attempt to objectively and fairly describe the
emissions of the reporter. The reporter should strive to produce a report that is akin to one that
would be submitted by a knowledgeable but disinterested third party, describing the emissions
situation of the reporter, rather than one written by an agent who puts the most favorable
construction on a given set of facts or selectively chooses those facts that favor a particular
interest.

Completeness. Reporters should strive to report on all applicable emissions sources and
sequestration within the boundaries of the reporting entity, subject to the provisions of the
General Guidelines.

Verifiability. “Verifiability” means that the methods chosen, the application of the methods, and
the data used should be, in principle, accessible to verification by a third party, whether or not
such verification actually takes place. In part, this implies preservation of data; in part this means
documenting data, methods, and the application of methods with sufficient transparency; and in
part this implies choosing approaches that can be explained and documented.

Consistency. Reporters should be consistent in their choice of rules. Consistency has two
primary aspects:

« Intertemporal Consistency. Estimation methods should be applied consistently over time.

. Intratemporal Consistency. Estimation methods and data quality tests should, to the
extent possible, be applied consistently in different parts of the entity. Rules on inclusion
and exclusion of sources within the entity's boundary should be applied consistently,
subject to the provisions of the General Guidelines.
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1.A.3 Contents of the Inventory Chapter of the Technical Guidelines

The Inventory Chapter of the Technical Guidelines consists of nine parts, of which this is the
first. The contents of the nine parts are summarized as follows:

A. Introduction describes the contents of the Inventory Chapter, with special reference to
specific problems that reporters face in estimating emissions and sequestration, and describes
both the approach adopted by the Technical Guidelines and the Department’s thinking in
adopting this approach.

B. Collecting Information provides guidance on entity boundaries and describes where and
how reporters may gather the information necessary to construct their reports.

C. Stationary Source Combustion provides guidance on reporting greenhouse gas emissions
from stationary combustion of fossil fuels.

D. Mobile Sources provides guidance on reporting greenhouse gas emissions from mobile
sources. This includes the use of ethanol as a transportation fuel.

E. Industrial Processes provides guidance on a wide range of industrial process emissions
sources, including emissions from mining, oil and gas production, and several chemical industry
processes, and emissions from landfills and other sources of anaerobic decomposition.

F. Indirect Emissions provides guidance on estimating greenhouse gas emissions from
purchases of electricity, steam, and hot or chilled water.

G. Geologic Sequestration provides guidance on the reporting of engineered carbon dioxide
(COy) sequestration, including both enhanced oil recovery and sequestration of carbon dioxide
streams.

H. Agricultural Emissions and Sequestration, prepared by the U.S. Department of
Agriculture, provides guidance on estimating greenhouse gas emissions and soil carbon
sequestration from agricultural sources and sinks (ethanol fuels are covered in Part D, Mobile
Sources).

I. Forestry Emissions and Sequestration, prepared by the U.S. Department of Agriculture,

provides guidance on estimating forest carbon sequestration and emissions from forests, woody
biomass, and the wood product sector.

1.A.4 The Emissions Rating System
1.A.4.1 Summary

The President’s charge to DOE specified that the Department should propose reforms to improve
the “accuracy, reliability, and verifiability” of reported emissions. To contribute to achieving this
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objective, the revised Guidelines require reporters who wish to register their reductions to “rate”
their data and emissions estimation methods, and establishes minimum standards for the methods
and data used to calculate reporters’ overall emissions. This approach has been adopted to
resolve a number of difficulties associated with adapting emissions inventory methods to the
problem of calculating “entity” emissions and using such entity estimates to register reductions.
In particular, this approach is intended to make the estimation of registered reductions more
accurate, reliable and verifiable.

The emissions rating system is an ordinal rating of emission estimation methods by sector and
emission source. The best available method, based on the four evaluation criteria of accuracy,
reliability, verifiability and practical application, is usually rated “A,” and given a value of four
points. An A rating is restricted to methodologies where computations are based on a
preponderance of values indicative of on-site conditions over multiple periods. The next best
method — or best method in those cases where no methodology qualifies for an A rating - will be
rated “B” and given a value of three points; the next best rated “C” and given a value of two
points; and the least accurate method rated “D” and given a value of 1 point.*

Reporters should assign the rating provided by the Technical Guidelines to each source for each
year in which emissions are reported. The average rating (weighted by emissions) of all reported
emissions and sequestration must be 3.0 or higher in the base period and any year in which
reductions are reported in order for the reductions or sequestration to qualify as “registered
reductions.”

1.A.4.2 Ratings

The Technical Guidelines describe numerous methods of estimating emissions of greenhouse
gases. The methods are generally considered in combination with the information or activity data
needed to implement the method so as to provide the greatest accuracy, reliability, verifiability
and practicality of application. The Technical Guidelines provide ratings for combinations of
methods and information used to apply the methods.

The rating system is an ordinal rating system with four values, A through D. The rating system is
ordinal in the sense that A is considered “better” than B, B is “better” than C, and C is “better”
than D. The highest rated method is believed by the Department to be the best method available,
based on its evaluation criteria as shown in Table 1.A.1, for a particular emissions source in a
given sector. However, two A-rated methods for different sources may not be comparable. Both
will be the best method available, but in one case the best method available may be highly
accurate, and in another case less so.

! The concept of ordinal rating is mentioned in the World Resources Institute’s GHG Protocol (though the concept is
not developed there). Ordinal ratings are also used by the U.S. Environmental Protection Agency’s Compendium of
Air Pollutant Emissions Factors (AP-42). Note, however, that the ordinal ratings in the AP-42 handbook are
conceptually different from the ordinal ratings described in the Technical Guidelines. The AP-42 ratings are
intended to indicate the extent to which the published emissions factor is supported by empirical evidence, and are
intended to be comparable across the publication. In the Technical Guidelines, the rating generally applies to the
combination of emissions factor and activity data, and is not directly comparable from one emission source to
another.
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There are four possible ratings that may be applied to estimation methods. Table 1.A.1 provides
a general description of the criteria used to set the four ratings for particular sources within the
Technical Guidelines.

Table 1.A.1. Description of Ratings for Measurement and Estimation Methods

Rating | Points Typical Description

Continuous direct measurement (CEM) of actual emissions source; or emissions
factor based upon multiple, recent, regularly repeated, on-site, direct measurements
A 4 of sources, multiplied by measured activity data. Activity data measure the actual
relevant activity, rather than an indirect indicator of that activity (for instance, fuel
consumption rather than purchases).

Emissions factor based on limited direct measurements of source or representative
B 3 sample multiplied by measured activity data. Activity data measure actual use,
rather than purchases (if applicable).

Default emissions factor multiplied by measured activity data; or emissions factor
based on single measurement multiplied by estimated activity data.

Default emissions factor multiplied by estimated activity data or static one-time
monitoring.

There will be estimation methods not covered in the Technical Guidelines for various reasons.
For example, the estimation method may not have been developed at the time the Guidelines
were written, the source to which the method applies may not be included in the Guidelines, the
greenhouse gas may represent a relatively small source such as methane released from forests or
the authors of the Technical Guidelines may be unaware of the existence of a particular method
or source.

Reporters may request DOE approval for the use of estimation methods not included in the
Technical Guidelines if the methods cover sources not described in the Guidelines, or if the
proposed methods provide more accurate results — or may be more cost effective — for the
reporter’s specific circumstances than the methods described in the Guidelines. If a reporter
wishes to propose the use of a method that is not described in the Guidelines, the reporter must
submit a description of the method, an explanation of how the method is implemented (including
data requirements), evidence of the method’s validity and accuracy, and a suggested rating for
the method to DOE’s Office of Policy and International Affairs (with a copy to the Energy
Information Administration (EIA)). DOE reserves the right to deny the request, or to assign its
own rating to the method. By submitting this information, the reporter grants permission to DOE
to incorporate it in a future revision of the Guidelines.

1.A.4.3 Inventory Weighted Average Rating

The reporter shall divide the reported emissions and sequestration into categories, also called
subentities, based on the sources and estimation methods used and assign a rating to each
category. For the purposes of calculating an overall weighted average rating, the reporter shall
use the absolute value of sequestration or change in carbon stock (i.e., sequestration is converted
into a positive number and added to emissions). The reporter shall also convert all emissions
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from particular greenhouse gases into carbon dioxide equivalents, using the 100-year Global
Warming Potentials published by the Intergovernmental Panel on Climate Change.?

The reporter shall assign a rating drawn from the Technical Guidelines to each category of
emissions and sequestration. The reporter shall multiply the points of the rating (drawn from
Table 1.A.1 above) by the share of each category in total emissions and sequestration. The
inventory’s average rating is the sum of the reporter’s ratings for each category, weighted by
each category’s share in total emissions.

Example:
A firm has three emissions sources:
Actual Emissions/Sequestration  CO; Equivalent

Energy-related carbon dioxide 1,000 mt COg, rated “A” 1,000 mt COzE
Energy-related methane 2 mt CHy, rated “C” 46 mt CO.E
Energy-related nitrous oxide 1 mt N0, rated “C” 296 mt COLE
Sequestration -100 mt CO,, rated “C” 100 mt COzE

Total emissions and sequestration for purposes of obtaining a single overall weighted rating:
(1,000) + (46) + (296) + (100) = 1,442 mt CO,E

Energy-related CO, (1,000/1,442) * 4 =277
Energy related CH,4 (46/1,442) * 2 =0.06
Energy related N,O (296/1,442) * 2 =041
Sequestration CO, (100/1,442) * 2 =0.14
Weighted Average Rating: 3.38

The reporter shall calculate an inventory weighted average rating for each year of emissions
reported to the VVoluntary Reporting Program. If the reporter uses the same estimation methods
for multiple reporting years (which would normally be the case), then the rating should remain
relatively stable, baring substantial change in relative emission quantities from the various
sources. If the reporter changes estimation methods, then the ratings should change to reflect the
different estimation methods in use for each year.

If a reporter is seeking to register reductions, the weighted average rating for emissions for both
the base period and the year used to calculate such reductions should be greater than or equal to
3.0. The choice of the value for the weighted average reflects DOE’s belief that methods given
an A or B rating are sufficiently accurate to serve as the basis for entity-wide reporting, while
methods given a C or D rating should be used only for those gases or sources that represent a
small share of the reporting entity’s total emissions.

% Source: Intergovernmental Panel on Climate Change, Climate Change 2001: The Scientific Basis (Cambridge
University Press, 2001), p. 47.
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1.A.4.4 Objectives of Emissions Rating System
The emissions rating system is designed to achieve the following objectives:

. Help achieve the President’s stated objective of improving the “accuracy, reliability, and
verifiability” of reported emissions.

. Ensure that total reported emissions are as accurate as possible, given the available
estimation methods for the actual array of sources.

. Create an incentive for reporters to use more accurate methods.

« Ensure that the cost of emissions estimation for particular sources can be commensurate with
each source’s importance in a reporter’s inventory.

« Ensure that implementation is practical.

1.A.4.5 Issues Associated with Activity Reporting for Small Emitters

The General Guidelines contain provisions that allow small emitters (those emitting under
10,000 metric tons carbon dioxide equivalent per year) to register reductions based on specific
activities rather than comprehensive entity-wide inventories. Small emitters choosing to register
reductions will need to meet other criteria established in the General Guidelines, including
determining the total annual emissions and sequestration associated with the specific activities,
the net emission changes associated with those activities, and certification that the changes are
not likely to cause emission increases elsewhere in the entity’s operations.

Small emitters choosing to register reductions from specific activities should follow the
additional guidelines contained in Chapter 2, Reporting Reductions. The inventory methods
described in this Chapter can be applied at various levels including project, activity, and entity.
Some of the issues associated with activity reporting include:

. Setting Boundaries. Entity boundaries are frequently more transparent than the boundaries
of an activity within an entity. In some cases, the activity will be self-contained and relatively
easy to define. Examples include specific plants or product lines, and specific commodity
crops or livestock operations within a farm. In any case, all reporting entities must clearly
define the boundaries of their entity and their subentities in a manner that is consistently
applied in each year's report

« Certification that emissions will not increase elsewhere within the entity’s operation. In
order to register reductions from activity reports, a small entity must certify that emissions
elsewhere in the entity’s operations do not increase as a result of the activities being reported.
While this may not require a full entity-wide inventory, some analysis will be required for the
entity to make this certification.

1.A.5 Covered Gases and Global Warming Potentials

The General Guidelines prescribe that reporters must report their emissions of carbon dioxide,
methane, nitrous oxide, perfluorocarbons (PFCs), hydrofluorocarbons (HFCs), and sulfur
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hexafluoride (SF6). They may separately report, but not register, their emissions of
Chlorofluorocarbons (CFCs) [10 CFR 8 300.6 (i)]. The guidelines further prescribe:

Emissions and sequestration should be reported in terms of the mass (not volume)
of each gas, using metric units (e.g., metric tons of methane). Entity-wide and
subentity summations of emissions and reductions from multiple sources must be
converted into carbon dioxide equivalent units using the global warming
potentials for each gas in the International Panel on Climate Change’s Third
Assessment (or most recent) Report, as specified in the Technical Guidelines. [10
CFR § 300.6 (j)]

PFCs, HFCs and CFCs are not gases, but groups of gases. For reporting purposes, reporters shall
report emissions of HFCs and PFCs from the list shown on Table 3, page 47 and CFCs from the

list shown on page 388 of the Intergovernmental Panel on Climate Change’s Climate Change
2001: The Scientific Basis® or a more recent Assessment Report, if published.

For reporting or registering reductions, the reporter (and the Department) will sum emissions
across greenhouse gases using the 100-year global warming potentials shown in Table 1.A.2
below. Only reductions of carbon dioxide, methane, nitrous oxide, perfluorocarbons (PFCs),
hydrofluorocarbons (HFCs), and sulfur hexafluoride (SF6) emissions may be registered,

however.

DOE may add or subtract gases from this list, pursuant to the provisions of the General
Guidelines and any subsequent revisions thereto.

Table 1.A.2. 100-Year Global Warming Potentials for Greenhouse Gases

Gas Chemical Formula 100-Year Global Warming Potential

Carbon Dioxide CO, 1
Methane CH, 23
Nitrous Oxide N,O 296
Hydroflourocarbons

HFC-23 CHF; 12,000
HFC-32 CH,CF; 550
HFC-41 CHsF 97
HFC-125 CHF,CF3 3,400
HFC-134 CH,FCF3 1,100
HFC-134a CH3FCF3 1,300
HFC-143 CHF,CH,F 330
HFC-143a CF3;CHgs 4,300
HFC-152 CH,FCH,F 43
HFC-152a CH3CHF, 120
HFC-161 CH3CH,F 12
HFC-227ea CF;CHFCF; 3,500
HFC-236¢ch CH,FCF,CF; 1,300
HFC-236ea CHF,CHFCF; 1,200

® Intergovernmental Panel on Climate Change, Climate Change 2001: The Scientific Basis (Cambridge University

Press, 2001), pp. 47, 388.
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Gas

Chemical Formula

100-Year Global Warming Potential

HFC-236fa CF3;CH,CF; 9,400
HFC-245ca CH,FCF,CHF, 640
HFC-245fa CHF,CH,CF; 950
HFC-365mfc CF;CH,CF,CH; 890
HFC-43-10mee CH;CHFCHFCF, 1,500
Sulfur Hexaflouride SFs 22,200
Perfluorocarbons

Perflouromethane CF, 5,700
Perflouroethane C,Fg 11,900
Perfluoropropane CsiFg 8,600
Perfluorobutane (FC 3-1-10) CsFio 8,600
Perfluorocyclobutane c-C,Fs 10,000
Perfluoropentane CsFin 8,900
Perfluorohexane (FC 5-1-14) CeF1a 9,000
Chlorofluorocarbons

CFC-11 (trichlorofluoromethane) CClsF 4600
CFC-12 (dichlorodifluoromethane) | CCI,F, 10600
CFC-13

(monoclorotrifluoromethane) CCIFs 14000
CFC-113 (Freon 113) CCI,FCCIF, 6000
CFC-114

(dichlorotetrafluoroethane) CCIFCCIF, 9800
CFC-115 CIFsCCIF, 7200

(monochloropentafluoroethane)

Source: Intergovernmental Panel on Climate Change, Climate Change 2001: The Scientific Basis

(Cambridge University Press, 2001), p. 47; 388.41, 45-6, 388-9.

1.A.6 Revisions to Emissions Inventory Reports

Reporters may revise previously submitted inventory reports if the revision is necessary to:
e Correct significant material errors and omissions detected after the report was accepted

by EIA; or

e To adopt an estimation method from the list approved by DOE that has a higher rating
than the method previously used to develop the inventory and that necessitates changes in
historical emissions to maintain consistency of the time series.

Participants may submit such corrected reports at any time, as long as they are accompanied by a
description of the changes made, the significance of their effects on the emission quantities

reported, and an explanation of why they were needed.
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Technical Guidelines Chapter 1, Part B: Collecting Information

1.B.1 Overview

An entity’s inventory report shall include the entity’s direct and indirect emissions released into
the atmosphere minus any sequestration of greenhouse gases from the atmosphere that occurred
over the year covered by the inventory. Inventories are expressed as metric tons of carbon
dioxide (CO,) equivalent emissions in a specified year. An entity’s inventory report shall
separately identify the data on all direct emissions, sequestration and indirect emissions. If a
reporter chooses to report emissions associated with CFCs, it must report all such emissions
separately using the special methods for CFC destruction in Chapter 2.

This chapter provides a general overview of estimating greenhouse gas emissions in order to
report to the Voluntary Reporting Program. Reporters preparing inventories must:

Identify reporting boundaries for the entity.

. ldentify potential sources of emissions and sequestration of greenhouse gases.

« Identify the estimation methods and information sources necessary to estimate emissions.
« Prepare the emissions inventory.

Each of those activities is discussed in the subsequent sections of this Part B of Chapter 1, and
the Part closes with a brief consideration of institutional issues related to developing an annual
entity-wide emissions inventory. Participation in the VVoluntary Reporting Program is envisaged
as a multi-year, long-term activity, and reporters are encouraged not to view reporting as a one-
time event, but as a continuing process.

1.B.2 Identifying Reporting Boundaries

1.B.2.1 Who Can Report
The General Guidelines provide that:

Entity means the whole or part of any business, institution, organization, government agency or
corporation, or household that:

Q) Is recognized under any U.S. Federal, State or local law that applies to it;

2) Is located and operates, at least in part, in the United States; and

3 The emissions of such operations are released, at least in part, in the United
States.’

* General Guidelines, § 300.2.
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1.B.2.2 Organizational Boundaries

The General Guidelines provide:(a) Each reporting entity must disclose in its entity statement
the approach used to establish its organizational boundaries, which should be consistent with the
following guidelines:

(1) In general, entities should use financial control as the primary basis for determining their
organizational boundaries, with financial control meaning the ability to direct the financial and
operating policies of all elements of the entity with a view to gaining economic or other benefits
from its activities over a period of many years. This approach should ensure that all sources,
including those controlled by subsidiaries, that are wholly or largely owned by the entity are
covered by its reports. Sources that are under long-term lease of the entity may, depending on
the provisions of such leases, also be considered to be under the entity’s financial control.
Sources that are temporarily leased or operated by an entity generally would not be considered to
be under its financial control.

(2) Entities may establish organizational boundaries using approaches other than financial
control, such as equity share or operational control, but must disclose how the use of these other
approaches results in organizational boundaries that differ from those resulting from using the
financial control approach.

(3) Emissions from facilities or vehicles that are partially-owned or leased may be included at
the entity's discretion, provided that the entity has taken reasonable steps to assure that doing so
does not result in the double counting of emissions, sequestration or emission reductions.
Emissions reductions or sequestration associated with land, facilities or other sources not owned
or leased by an entity may not be included in the entity's reports under the program unless the
entity has long-term control over the emissions or sequestration of the source and the owner of
the source has agreed that the emissions or sequestration may be included in the entity's report.

(4) If the scope of a defined entity extends beyond the United States, the reporting entity
should use the same approach to determining its organizational boundaries in the U.S. and
outside the U.S.

(b) Each reporting entity must keep separate reports on emissions or emission reductions that
occur within its defined boundaries and those that occur outside its defined boundaries. Entities
must also keep separate reports on emissions and emission reductions that occur outside the
United States and those that occur within the United States.

(c) An entity that intends to register its entity-wide emissions reductions must document and
maintain its organizational boundary for accounting and reporting purposes.’

® General Guidelines, § 300.4 Selecting organizational boundaries.
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1.B.3 Identifying Potential Sources of Emissions and Sequestration

1.B.3.1 Direct and Indirect Emissions

The General Guidelines provide that reporters are obligated to report on all greenhouse gas
emissions and sequestration from sources and sinks owned and operated by their reporting entity,
termed direct emissions, as well as indirect emissions arising from the use of electricity, hot or
chilled water, and steam. The Technical Guidelines identifies common emissions and
sequestration sources for which well-defined estimation methods exist.

Having identified the activities or organizational units whose emissions should be excluded or
included in reporting, the next step is to identify potential sources of emissions in those areas.
This section will help the reporter to identify which activities are most likely to involve
emissions of greenhouse gases. The most common activity, and usually the largest source of
emissions, is the combustion of fossil fuels such as natural gas, propane, gasoline, diesel fuel, jet
fuel, fuel oil, coal, and coke. There are, however, many other emissions sources.

Emissions may be characterized as “direct” or “indirect.” An entity’s direct emissions are those
emissions from sources in the possession of the entity at the time the gases are emitted. An
example of a direct emission is exhaust from an automobile that the reporter owns and drives. An
indirect emission is an emission that occurs from a source owned by a party other than the
reporter, but is affected by the reporter’s action. For example, emissions produced during the
generation of electricity, which is produced by a third party and consumed by the reporter, are
indirect emissions.

More specifically, the General Guidelines provide:

Indirect emissions means greenhouse gas emissions from stationary or mobile
sources outside the organizational boundary that occur as a direct consequence of
an entity’s activity, including but not necessarily limited to the emissions
associated with the generation of electricity, steam and hot/chilled water used by
the entity.®

Indirect emissions from purchased electricity, steam, hot or and chilled water, which are to be
included in emission inventories and may be the source of registered reductions, are discussed in
Part F of this chapter.

The General Guidelines also provide that emissions from other indirect sources may be reported
separately utilizing applicable reporting methods as described in the Technical Guidelines. Other
indirect sources may include downstream emissions (and reductions) claimed by the
manufacturers of energy-efficient products; upstream (fuel cycle) emissions from the
manufacture and transportation of fuels; or energy “embedded” in energy-intensive products
manufactured by others, such as aluminum, steel, cement, or plastics. The reporting of these
other indirect emissions entails considerable complexity because:

® General Guidelines, § 300.2 Definitions, “Indirect Emissions.”
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« Indirect emissions (or reductions) may be reported by more than one party.

« Reporting on indirect emissions, by definition, requires information on the activities and
emissions of other parties. This information may be difficult or impossible to obtain.
Estimates of information made in the absence of precise information are often necessarily
uncertain and, to a degree, subjective.

Emissions from these other sources of indirect emissions are not to be incorporated into total
emissions and may not be the source of registered emission reductions, unless explicitly
permitted by the Guidelines.

1.B.3.2 Fossil Fuel Usage

Whenever a fuel containing carbon is combusted (oxidized), the combustion products will
include carbon dioxide (the most common greenhouse gas), and may also include trace amounts
of methane and nitrous oxide. Because the carbon content of fossil fuels is generally constant
(plus or minus a few percent), the reporter will generally be able to calculate and report the
resulting greenhouse gas emissions if the quantity of fossil fuels consumed is known.

In most cases, commercial fossil fuels (natural gas, petroleum products, coal, coal coke, and
petroleum coke) will be purchased and combusted by the reporter. This activity will generate
accounting records (of the purchase), and may generate facilities management records relating to
the use of the fuel, and/or environmental management records (such as continuous emissions
monitoring data) characterizing emissions of regulated pollutants caused by combustion of the
fuel.

Almost all U.S. households, farms, public agencies, and enterprises can be reasonably expected
to purchase and combust fossil fuels. For most reporters, carbon dioxide emitted from the
combustion of fossil fuels will be the largest source of direct greenhouse gas emissions.” In
general, if a reporter can identify the quantity and heating value of fossil fuels and quantity of
electricity purchased by the reporting entity, most of the greenhouse gas emissions of the
organization can be easily calculated.

Fossil fuel use can be divided conceptually into stationary source combustion, mobile source
combustion, and non-fuel use. In principle:

. Stationary source combustion is the burning of fuels in fixed facilities.
« Mobile source combustion is defined as the use of energy to transport people and materials
from one physical location to another.?

" For many manufacturers and firms in service industries, fossil fuel consumption will be the largest source of direct
emissions. Indirect emissions from electricity use, however, may be considerably larger than direct emissions from
fossil fuel consumption for these reporters.

® Included are automobiles, trucks, buses, motorcycles, trains, subways, and other rail vehicles, aircraft, ships,
barges, and other waterborne vehicles.
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« Non-fuel use includes use of fossil fuels as feedstocks, raw materials, lubricants, or solvents.
Often, fossil fuel used for non-combustion purposes still causes some fraction of the carbon
locked in the fuel to be emitted to the atmosphere.

Methods for estimating emissions from stationary source combustion and non-fuel use are
described in Part C of this chapter. Methods for estimating emissions from mobile sources are
described in Part D. An overview of those categories is provided below.

1.B.3.2.1 Stationary Source Combustion

Fuel is burned in stationary facilities for a variety of purposes. Among the most common
functions to be considered are:

. Coal, natural gas, propane, or heating oil for water heating or cooling, and for space heating.

. Coal, natural gas, diesel, and fuel oil for electric power generation.

« Natural gas, coal, or petroleum for raising industrial process steam, process heat, or
cogeneration.

. Diesel fuel, propane, or natural gas to drive engines (such as diesels) to provide motive
power for equipment such as compressors or pumps.

« Oil or gas pipelines with pumps and compressor stations burning natural gas or diesel.

Reporters should also be aware of special situations that are discussed at length in Part C,
“Stationary Source Combustion.” These include:

« Byproduct fuel combustion such as flaring, or burning of catalyst coke in petroleum refining
and the chemical industries, or the use of coke oven gas in the steel industry.

« Own use of fossil fuels that are not purchased such as natural gas or petroleum use in oil
production operations, refinery gas in petroleum refining, and various intermediate chemicals
in chemical processing.

. Combustion of petroleum-based waste fuels such as used motor oil or tire-derived fuels.

« Combustion of biofuels or renewable fuels such as wood or wood waste and ethanol.

« Use of fossil fuels as feedstocks (with special accounting requirements), as in coke
manufacturing and petrochemical processing.

Reporters should scrutinize the activities of their organization to ascertain if any of those special
situations apply to them.

Fossil fuel combustion also causes emissions of small amounts of methane and nitrous oxide,
although those trace emissions are rarely measured. Reporters may estimate them approximately.

1.B.3.2.2 Mobile Source Emissions
Mobile sources encompass not only the most obvious transportation candidates such as planes,

trains, and automobiles. It also includes plant vehicles such as forklifts, construction equipment
such as bulldozers, farm equipment such as combines and tractors, and public service vehicles
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such as buses, fire trucks, and ambulances. If your organization uses any of these vehicles, it is
likely that the vehicles are combusting fossil fuels (usually gasoline, diesel fuel, and/or jet fuel).

Some of the most common mobile source emissions and the fuel(s) being combusted are:

« Motor vehicles, including cars and trucks, typically burning motor gasoline or diesel.
« Locomotives usually burning diesel fuel.

« Aircraft usually burning jet fuel and occasionally aviation gasoline.

« Construction or farm equipment, normally burning diesel fuel.

«  On-site materials-handling vehicles such as forklifts, burning propane or diesel.

There are also a number of special situations in transportation that may be applicable to
particular reporters, but are unlikely to be of general importance. They include:

« Combustion of fuels partially derived from biomass fuels, such as gasohol.
« Combustion of alternative fossil fuels, including methanol and natural gas.
« Use of international bunker fuels for aviation and marine transportation.

« Electricity use in the transportation sector.

Those special situations are discussed at greater length in Part D, “Mobile Sources.”

While carbon dioxide will constitute the preponderance of mobile source emissions,
transportation equipment will also normally emit small amounts of nitrous oxide and methane.
While equipment built after 1976 with catalytic converters will produce moderate amounts of
nitrous oxide emissions, even equipment without catalytic converters will produce trace
amounts.

1.B.3.2.3 Non-Fuel Use of Fossil Fuels.

There are a wide range of non-fuel uses of fossil fuels, some of which produce significant
quantities of greenhouse gas emissions. Uses that produce small amounts of emissions within
the boundary of the reporter may be excluded from the inventory under the de minimis
provisions described in the General Guidelines (8300.2 and 8300.6). In most other cases,
emissions within the boundary of the reporter from non-fuel use of fossil fuels must be included
in the inventory. The appropriate treatment of certain specific non-fuel uses of fossil fuels is
described below:

« Use of natural gas or petroleum products as petrochemical feedstocks. Feedstock use of
fossil fuels is generally limited to the chemical industry. Some uses such as ammonia are
non-sequestering, that is, carbon is emitted to the atmosphere and must be reported. Other
uses such as ethylene to polyethylene are largely sequestering, that is, the carbon remains
conserved in the end product and need not be reported.

« Use of coal to make coke. Coke making is largely limited to integrated steel mills; there

are less than 40 coke plants in the United States. Most, though not all, of the carbon in
coke making is conserved into outputs such as coke, coal tars, and coke oven gas used as
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fuel, which are largely oxidized later in the steel-making process. If coke or byproducts
are sold, however, the subsequent oxidation is no longer a direct emission of the coke-
maker but should be reported by the entity in control of the coke or byproducts when the
emission occurs unless excluded as a de minimis emission.

« Use of coke as a reduction agent. Coke is often used in the processing of metals,
including steel, lead, and copper, as a reduction agent—it is burned under conditions of
incomplete combustion to make carbon monoxide, and the carbon monoxide is used to
remove oxygen from the ore, which creates carbon dioxide emissions. The carbon
dioxide emissions should be reported by the entity in control of the coke when the
emission occurs unless excluded as a de minimis emission.

« Carbon black manufacture. There are several plants in the United States that use natural
gas or oil to make carbon black. About a third of the carbon is conserved in the product,
the balance emitted to the atmosphere. The manufacturer need only report the carbon
dioxide emitted during manufacturing of the carbon black unless excluded as a de
minimis emissions.

« Use of coke in anode production. Aluminum smelters use petroleum coke to make
sacrificial anodes, which are vaporized as part of the aluminum smelting process,
resulting in carbon dioxide emissions. As with other non-fuel uses of fossil fuels, the
carbon dioxide emissions should be reported by the entity in control of the coke when the
emission occurs, unless excluded as a de minimis emission.

« Lubricants and greases (especially motor oil) used in engines and machinery. Used
lubricants are often captured and recycled. Lubricants that evaporate or are burned (in
two stroke engines, for example) generate carbon dioxide emissions, while lubricants that
are lost to the environment may be presumed to oxidize to carbon dioxide in the long run.
Emissions from the burning of lubricants should be reported unless excluded as de
minimis, while emissions from evaporation are likely to be very small and may be
excluded from inventories.

. Use of carbon-based solvents. When hydrocarbon-based solvents evaporate, the
chemicals generally decompose in the atmosphere into carbon dioxide. While solvent
usage is common, emissions are usually so small that they can be ignored. However,
where solvent use is a significant part of an entity's operations, such as dry cleaning
plants and certain industrial processes, these emissions must be estimated and, if not
excludable as de minimis, they must be included in the entity's emissions inventory.

1.B.3.3 Industrial Process Emissions

There are numerous industrial process emission sources that collectively emit significant
quantities of greenhouse gases, although most are found in only one or two industries. This
necessitates that reporters scan a long list of sources to identify the few that are applicable to
their particular situation. Among the more important industrial process emissions are:
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« Carbon dioxide emissions from cement manufacture. Cement manufacturers combust
fuels to provide process heat and also to calcine limestone into lime, a process that
drives off carbon dioxide. Cement manufacturers should calculate and report calcining
emissions.

. Other limestone-related emissions. Lime manufacturers also calcine limestone. Some flue
gas desulfurizers (“scrubbers™) used to remove sulfur dioxide react limestone with sulfur
and emit additional carbon dioxide.’

« Multiple sources from iron and steel producers, including the use of coke and mineral
reducing agents.

« Carbon dioxide released in the manufacture of lime in the Kraft pulping process when
calcium carbonate is burned in kilns or calciners. This carbon dioxide is biomass carbon
originating in wood. Because this is a biogenic source, reporters need not include carbon
dioxide from the Kraft pulping process of lime production in their emissions inventories.

« HFC-32 from freon production. Producers of HCFC-22 (Freon-22) have historically
emitted significant quantities of the greenhouse gas HFC-32 as a by-product.

« HFC-134a from motor vehicle air conditioning. Air-conditioned motor vehicles built
after 1993 usually use the refrigerant HFC-134a, a potent greenhouse gas. Modern air
conditioning systems do not leak significantly, so the HFC-134a generally remains in the
vehicle, and authorized dealers are required to recycle the refrigerant during repairs. If
and when the air conditioning system fails, however, the refrigerant will frequently leak
into the atmosphere. Vehicles that are scrapped or lost in accidents will often lose their
refrigerant to the atmosphere. A discussion of calculating HFC emissions from motor
vehicles is included in Part D, “Mobile Sources.”

« Nitrous oxide from adipic and nitric acid production. U.S. producers of adipic acid and
nitric acid have historically emitted significant (but controllable) quantities of nitrous
oxide as a by-product.

. Various gases from semiconductor manufacturing. Semiconductor manufacturers use
several high-GWP greenhouse gases in manufacturing, and produce by-product
emissions of perfluorocarbons (PFCs) and sulfur hexafluoride (SFs).

« PFCs from aluminum manufacturing. Aluminum manufacturers generate by-product
emissions of PFCs, and some magnesium producers may use SFg as a cover gas to
prevent oxidation of the magnesium.

® Scrubbers are usually associated with large, coal-fired power generation equipment. Reporters estimating carbon
dioxide emissions using continuous emission monitoring will have the carbon dioxide from scrubbers automatically
included in the stack gas they are monitoring. Reporters using mass balance to estimate emissions from power plants
with scrubbers will have to separately estimate scrubber carbon dioxide emissions and add them to the fuel-related
carbon dioxide emissions.
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« HFC-32 from freon production. Producers of HCFC-22 (Freon-22) have historically
emitted significant quantities of the greenhouse gas HFC-32 as a byproduct.

« HFC-134a from motor vehicle air conditioning. Air-conditioned motor vehicles built
after 1993 usually use the refrigerant HFC-134a, a potent greenhouse gas. Modern air
conditioning systems do not leak significantly, so the HFC-134a generally remains in the
vehicle, and authorized dealers are required to recycle the refrigerant during repairs. If
and when the air conditioning system fails, however, the refrigerant will frequently leak
into the atmosphere. Vehicles that are scrapped or lost in accidents will often lose their
refrigerant to the atmosphere. A discussion of calculating HFC emissions from motor
vehicles is included in Part D, “Mobile Sources.”

« Nitrous oxide from adipic and nitric acid production. U.S. producers of adipic acid and
nitric acid have historically emitted significant (but controllable) quantities of nitrous
oxide as a byproduct.

« Various gases from semiconductor manufacturing. Semiconductor manufacturers use
several high-GWP greenhouse gases in manufacturing, and produce byproduct emissions
of perfluorocarbons (PFCs) and sulfur hexafluoride (SFs).

« PFCs from aluminum manufacturing. Aluminum manufacturers generate byproduct
emissions of PFCs, and some magnesium producers may use SFg as a cover gas to
prevent oxidation of the magnesium.

. Refrigerants. Residential, commercial, and industrial reporters may use HFCs as a
refrigerant for space cooling, refrigeration, or industrial cooling processes. Quantities of
HFCs may leak into the atmosphere through equipment failure or normal leakage.

« Sulfur hexafluoride emissions from breaker switches. Electric power operators may use
sulfur hexafluoride as an insulating gas. Quantities may leak into the atmosphere under
various circumstances.

Reporters undertaking any of these activities may reasonably expect to have industrial process
emissions and should calculate and report them. Methods of estimating emissions from industrial
processes are described in Part E, “Industrial Processes.”

1.B.3.4 Mining, Oil and Gas Production Emissions
There are substantial non-combustion sources of emissions of greenhouse gases from this sector:

« Methane emissions from coal mining. Coal seams typically have methane trapped within
them. In some cases shale or non-commercial coal that coexists with commercial coal seams
may also have trapped methane. Coal mining will typically release methane into the
atmosphere, though some portion may be captured or used, and in some cases coal
companies will act to drain captured methane in advance of mining.
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. Emissions from oil and gas production and transportation. Natural gas is largely methane,
and the process of producing and transporting natural gas generates fugitive methane
emissions. In addition, some natural gas fields contain significant admixtures of carbon
dioxide, which is sometimes separated and vented to the atmosphere. Crude oil may also
contain dissolved methane, and crude oil production, transportation, and refining may be
accompanied by fugitive methane emissions. Methane emissions from the transportation of
petroleum products including gasoline and diesel fuels are thought to be insignificant.

Estimation of non-combustion emissions from mining and from oil and gas production is
described in Part E, “Industrial Processes.”

1.B.3.5 Waste Treatment and Handling

Materials of biological origin, whether plant or animal, will normally be subject to bacterial
decomposition. If that decomposition takes place anaerobically, that is, in the absence of oxygen,
anaerobic bacteria will predominate, and will produce methane gas as a waste product.

Anaerobic decomposition is commonplace, but it remains the reporter’s obligation to report the
resulting methane emissions if the decomposing biomass is generated within the reporter’s
organizational boundary. Methods for estimating methane and nitrous oxide emissions from the
treatment of livestock waste are covered in Part H, “Agricultural Emissions and Sequestration.”
Methods for estimating emissions from other types of waste treatment are discussed in Part E,
“Industrial Processes.” Those sources include:

« Landfills. There are thousands of landfills in the United States, mostly containing municipal
solid waste. The U.S. Environmental Protection Agency (EPA) regulates emissions from
larger landfills, and many landfills are equipped with methane recovery systems that serve
multiple purposes, including safety, odor control, and limiting emissions of urban air
pollutants.

« Industrial waste. Some food processors (particularly beer manufacturers) have large
quantities of biological waste products, some portion subject to anaerobic decomposition,
generating methane.

. Wastewater treatment. Wastewater treatment may sometimes involve anaerobic
decomposition, and hence methane emissions. Wastewater that contains human or animal
waste may also contain significant quantities of nitrogen, some of which may decompose into
nitrous oxide. Under the right circumstances, wastewater treatment plants may thus emit
significant quantities of nitrous oxide.

1.B.3.6 Indirect Emissions from Purchased Electricity, Steam, and Hot or Chilled
Water

Indirect emissions, as defined above, are emissions produced by another entity, but resulting

from the reporter’s activities. The General Guidelines provide that indirect emissions of
electricity, steam, and heated or chilled water must be reported. See Part F, “Indirect Emissions.”
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1.B.3.6.1 Electricity

Almost all reporters will purchase and use electricity, but reporting indirect emissions raises an
important question: How does the reporter learn about the emissions of the party who generated
the electricity that was purchased? For almost all electricity users, the Guidelines specify that
indirect emission estimates be based on the regional indirect emissions factors specified by DOE.
These factors are based on the average emissions intensity of the electricity generated in that
region, regardless of the specific circumstances of individual electricity users. The only
exception is if an individual electricity user has a contract to purchase power generated by one or
more specific plants. In such cases, the entity may use the average emissions associated with the
power delivered from these plants.

1.B.3.6.2 Steam

Steam purchases are less common than electricity purchases.®® Steam-related emissions fall into
two categories:

« Insome cities (e.g., San Francisco), district heating utilities sell steam to commercial
buildings and light industrial customers in a manner similar to natural gas and electric
utilities. It may be possible to learn or infer emissions from the vendor, or in some cases
default emissions factors may be necessary.

«+ Industrial customers, large buildings, malls, and campuses will often purchase steam from a
plant dedicated to their specific requirement. This arrangement is frequently part of a
cogeneration project, and customers will often know or be able to find out specific
information on the fuel use and/or emissions of their vendor.

1.B.3.6.3 Hot and Chilled Water

Many reporters will purchase hot and/or chilled water for heating and cooling purposes,
respectively. In many cases, reporters will maintain and operate heating and cooling equipment
on their premises. Methods for estimating these emissions can be found in Part C, “Stationary
Combustion.” Other reporters will purchase hot and/or chilled water that is generated by a plant
or specific equipment that is owned and operated by another entity. As is the case with electricity
and steam purchases, reporters in these circumstances may need to obtain information from their
suppliers in order to estimate the emissions associated with these purchases. If this information is
not available, reporters can use default factors to make an estimate of the emissions associated
with their purchased hot and/or chilled water.

%\n-house steam generation for space heating or cogeneration is very common. Emissions from this source can be
conveniently quantified by measuring the amount of fuel that has been combusted to raise the steam. Purchasing
steam (or heat) from another party is less common.
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1.B.3.7 Other Indirect Emissions

Reporting entities may choose to report other forms of indirect emissions, such as emissions
associated with employee commuting, materials consumed or the end uses of products produced,
although such other indirect emissions are not to be included in the entity's total emissions and
may not be the basis for registered emission reductions. All such reports of other forms of
indirect emissions must be distinct from reports of indirect emissions associated with purchased
energy and must be based on emission measurement or estimation methods identified in the
Technical Guidelines or otherwise approved by DOE.

1.B.3.8 Forests, Woody Biomass, and Wood Products

Forests, wood biomass systems, and wood products can be significant sources or sinks for carbon
such as during harvesting or reforestation. Wood releases carbon dioxide as part of the oxidation
process. Management activities can reduce carbon emissions and increase the levels of carbon
stored. Estimation methods for Forestry-related carbon emissions and storage are provided in
Part I. Examples of management practices that influence carbon storage include, but are not
limited to, the following:

. Afforestation of agricultural land can lead to large increases in carbon capture and
storage by the treated area.

. Reforestation (regeneration of harvested forest land) can accelerate the natural
regeneration process and provide for the establishment of fast-growing species.

. Agroforestry can both sequester carbon and decrease requirements for fossil energy and
energy-intensive chemicals in the production of food and fuel.

. Short-rotation woody biomass energy plantations can sequester carbon and provide fuel
that displaces fossil fuels in the energy production process.

« Low-impact harvesting methods can decrease the emissions from soil disturbance and
biomass decay that often follow timber harvest.

« Recycling and wood products management studies have indicated that the carbon contained
in harvested trees follows several different paths after harvest. Of the carbon that reaches
wood products, some remains only for a short time (1 to 5 years), but a significant amount
remains stored in the wood products for long periods (on the order of decades) before
returning to the atmosphere. Some of the carbon in wood products may be recycled or stored
in landfills after the initial use is discontinued.

Methods of estimating sequestration and emissions from forests, woody biomass and wood
products are covered in Part I, “Forestry Emissions.”
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1.B.3.9 Agricultural Sources and Sinks

Agriculture has multiple sources of greenhouse gas emissions and carbon sequestration.
Generally, the sources can be categorized by activities related to crop production and livestock.
Estimation methods for each category are provided in Part H, “Agricultural Emissions and
Sequestration.” The categories are described briefly below.

1.B.3.9.1 Livestock Greenhouse Gas Sources

Enteric fermentation. Enteric fermentation is a normal digestive process in animals where
microbial populations in the digestive tract break down food and excrete methane gas as a
byproduct. Ruminant livestock—including cattle, sheep, and goats—have greater rates of enteric
fermentation because of their unique digestive system, which includes a large rumen or fore-
stomach where enteric fermentation takes place. In all animals, diet is an important determinant
of the production of methane. For a further discussion see Section 4.1.2 of Part H, “Agricultural
Emissions and Sequestration.”

Livestock waste. Livestock waste can be managed in storage and treatment systems, or spread
daily on fields in lieu of long-term storage. The magnitude of methane and nitrous oxide
emissions from managed livestock waste depends on the conditions of waste handling and
storage.

Installation of anaerobic digesters in livestock waste management systems can reduce methane
emissions from livestock waste and provide an alternative renewable energy source. Therefore,
this action spans the livestock waste management and indirect emissions estimation methods.
Specific guidance is provided in Box 3.H.1 of Part H on estimating the impacts of applying this
technology to livestock waste management systems.

1.B.3.9.2 Crop Production

Rice cultivation. In the United States, rice is grown exclusively on shallow, continuously flooded
fields. Water-logged soils create conditions for anaerobic decomposition of organic matter,
facilitated by methane emitting “methanogenic” bacteria. Methane from rice fields reaches the
atmosphere in three ways: bubbling up through the soil, diffusion losses from the water surface,
and diffusion through the vascular elements of plants.

Nitrous oxide from agricultural soils. Soil amendments that add nitrogen to soils drive the
production of nitrous oxide. Amendments can be added to both crop and rangeland soils.
Commercial fertilizer, livestock manure, sewage sludge, incorporation of crop residues, and
cultivation of nitrogen-fixing crops all add nitrogen to soils. In addition, cultivating highly
organic soils (i.e., histosols) enhances mineralization of nitrogen-rich organic matter, making
more nitrogen available. Nitrogen can be converted to nitrous oxide and emitted directly in
agricultural fields, or it can be transported through groundwater and run-off to other systems
where it is later converted to nitrous oxide, thus causing indirect emissions.
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Lime application. Lime is often added to agricultural soils to reduce acidic conditions. Lime
contains carbonate compounds that release carbon dioxide through the bicarbonate equilibrium
reaction when added to soils.

Carbon dioxide emissions and sequestration on mineral soils. The amount of carbon dioxide
emissions and sinks in soils is related to the amount of organic carbon stored in soils. The net
balance of carbon dioxide uptake and loss in soils is driven in part by biological processes, which
are affected by soil characteristics and climate. In addition, land use and management affect the
net balance of carbon dioxide through modifying inputs and rates of decomposition. Changes in
agricultural practices such as clearing, drainage, tillage, crop selection, grazing, crop residue
management, fertilization, and flooding can modify both organic matter inputs and
decomposition, and thereby result in a net flux of carbon dioxide to or from soils.

Carbon dioxide emissions from cultivation of organic soils. Cultivation of organic soils causes
oxidation of soil organic matter and carbon dioxide emissions. As in mineral soils, both carbon
dioxide emissions and sequestration may occur in organic soils, although as long as organic soils
are cultivated they continue to be a net source of carbon dioxide emissions.

Methods of estimating emissions and sequestration from crop production are covered in Part H,
“Agricultural Emissions and Sequestration.”

1.B.3.10 Geologic Sequestration

Sequestration refers to a family of methods for capturing and permanently isolating carbon
dioxide from the atmosphere. Geologic sequestration normally falls into two categories:

. Intentional extraction of carbon dioxide from industrial processes or combustion exhaust
streams, combined with placing the carbon in a form or location in which it will not be
released into the atmosphere. This is likely to involve the injection of carbon dioxide into
permanent underground storage.

« Injection of carbon dioxide into underground reservoirs as part of an enhanced oil recovery
activity.

Most geologic sequestration activities are currently associated with enhanced oil recovery, which
requires reporters to take care that the sequestration is not temporary and that carbon dioxide

injected into the ground is not offset by its release elsewhere. Geologic sequestration issues are
described in Part G, “Geologic Sequestration.”

1.B.4 Preparing an Emissions Inventory Report

1.B.4.1 Needed Steps

Once a reporter has identified his or her organizational boundaries and the likely sources of
emissions, the next step is to prepare an emissions inventory. To do this the reporter will need to:
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« Identify prospective methods of estimating emissions from the relevant sources, and the
information that would be potentially required to calculate emissions.

« ldentify information systems in which emissions information or activity data relevant
to the estimation of emissions is already being collected or might feasibly be
collected.

« Identify organizational elements that have custody of the relevant information or that
might be in a position to collect the information.

« Collect the data, estimate emissions, prepare an inventory, and submit a report to the
Energy Information Administration’s VVoluntary Reporting of Greenhouse Gases
Program.

. Develop a mechanism by which emissions data can be routinely collected and
assembled into a verifiable entity-wide emissions estimate at an acceptable cost.

1.B.4.2 Estimating Emissions
Emissions of greenhouse gases may be measured in several different ways:

Direct measurement - by continuous or periodic measurement of emissions. To ensure
consistency and reliability, reporters using any direct measurement data should ensure that their
measurement systems are subject to periodic calibration practices. Due to the wide variety of
emission sources and methods for measuring them, this guidance does not provide specific
instruction on calibrating measurement systems for each emission source discussed herein.

Reporters to the Voluntary Reporting of Greenhouse Gases Program (1605(b) Program) that
directly measure their emissions are expected to follow internal quality control assessments that
verify the accuracy of their measurement systems. Specific, internationally accepted standard
methods for measuring greenhouse gas emissions exist for some industries. Where specific
methods exist, reporters are encouraged to follow them; where possible, this guidance refers
reporters to readily available, published authorities that provide specific instruction of this
nature.

In the absence of industry-specific standard methods, reporters should follow internationally
accepted, generalized standard methods for managing and calibrating measurement systems. One
such organization providing guidance for complying with internationally accepted standards is
the International Organization for Standardization (1SO). Reporters seeking general guidance on
methods for managing and calibrating measurement systems should consult the 1SO’s guidance
document, 1ISO 10012 - Measurement Management Systems - Requirements for Measurement
Processes and Measuring Equipment.** This document provides generic guidance designed to

1 Available at web site; www.iso.ch.
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help organizations establish and operate an effective measurement management system that
features the following:

« Clearly specified measurement requirements that can be shown to be satisfied.

. Effective, accountable management that establishes quality objectives for the organization’s
metrological function.

. Defined and documented management of resources associated with the metrological
function, including human resources, information resources and material resources.

« Clear guidelines for establishing, maintaining and documenting the accuracy, calibration and
uncertainty associated with measurement equipment and procedures.

« Specific, controlled conditions under which to perform measurement processes.

« Procedures for ensuring continued conformity with established standards while maintaining
and realizing opportunities for making improvements to the measurement system.

Inferred measurement - derived from a measurement or set of measurements made at a single
point in time (typically for sources that are small and/or difficult to measure). Alternatively,
direct or inferred measurements of an emission source at a particular point in time may be used
to develop an “emissions factor” that links estimated emissions with a measurable activity that
presumptively causes the emissions to occur. For example, if EPA’s Office of Mobile Sources
determines (based on testing sample vehicles) that a 1998 model car emits an average of 0.2 kg
of nitrous oxide per mile traveled, this factor can be applied to vehicle travel data to estimate
nitrous oxide emissions (i.e., multiply total miles traveled by emissions per mile).

Mass balance - calculate the quantities of emissions by measuring or calculating the quantities
of a specific source, the individual source’s compounds, reaction products, and outputs. For
example, if 2 kilograms of HFC-134a was initially injected into an automobile air conditioner
and three years later the remaining 1 kilogram is removed and recycled, one can safely assume
that the other kilogram was emitted to the atmosphere.

No single method is feasible, best, or most accurate for all sources and situations. In most cases,
the estimation method will need to be matched to the particular source. There are multiple
considerations in making this determination, which include the following:

« Auvailability of Information. Many electric power generators and large industrial sources
measure carbon dioxide emissions directly, using continuous emission monitors (CEMS), as
required by Title IV of the Clean Air Act Amendments. Most entities track commercial fuel
purchases.

. Cost and feasibility. Some methods may be extremely expensive, others infeasible.
Reporters should choose methods that are sustainable over time.

« Accuracy. Some methods are more accurate than others, although accuracy is specific to a
linkage of method and source.

. Size of the source. Simple, less accurate methods may be acceptable for small,
uncontrollable sources.
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. Controllability and feasibility of reduction action. If a reporter expects to show, now or in
the future, that emissions from a particular source have been reduced, the credibility of his
report will be enhanced by taking extra care with measuring current emissions from that
source.

. Variability and performance over time. Emissions estimation methods should accurately
reflect changes in emissions over time.

« Ancillary benefits. Reporters should consider opportunities for synergies in collecting
greenhouse gas-related data along with other information. For example, systems that monitor
emissions of regulated pollutants may be modified to monitor emissions of greenhouse gases;
data systems for operational management and control may be modified to include activity
data for emissions estimation.

Reporters should choose estimation methods that are most suitable for their particular
circumstances. Collecting new data in the field may be necessary in some cases, but one should
not automatically assume that such efforts will be necessary. A better first step is to consider
what information systems are already in place, and try to ascertain what information is already
being collected.

1.B.4.3 Using Existing Data Systems

Large organizations typically have multiple information systems that collect information relevant
to estimating greenhouse gas emissions. These might include:

Operational Data Systems. Operational data may be defined as reporting on physical quantities
of materials consumed or products manufactured. In contrast to financial data, which are always
reported to headquarters, operational data are collected only if they are deemed useful for
management information and control or necessary for regulatory purposes. If collected,
operational data are often held at the facility or division level, and not reported to the reporter’s
headquarters. Much of the information deemed “of interest” to someone preparing a greenhouse
gas emissions inventory falls into the category of operational data.

For example, fuel or energy consumption data are rarely independently reported to headquarters
unless fuel costs are considered to be a “major” controllable cost element. Many energy-
intensive industries have centralized energy management programs, but for other types of
organizations this information is the province of facility or process managers. For public
agencies or service industries, fuel use is often just another bill paid by the accountants.

Expensive transportation equipment such as aircraft, locomotives, vehicle fleets, and
construction equipment will usually be carefully maintained and the maintenance supported by
detailed records. An airline, for instance, must know the provenance of every spare part
applicable to an aircraft, and know when every aircraft subsystem is due for scheduled
maintenance. Maintenance records will often specify how many hours an aircraft has been flown,
or how many miles a truck has been driven. Such information may be helpful in estimating
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greenhouse gas emissions. In common with other operational data, however, maintenance and
facilities management data are rarely forwarded up the organizational chain of command.

Most aluminum producers probably view output of aluminum as a key index, and plant managers
report output data to headquarters. Exotic inputs such as SFs or HFC-134a are much less likely to
be of interest to headquarters. If the relevant operational data are not reported to headquarters,
inventory managers might visit with plant or facility managers to learn what types of information
are available locally, and persuade them to begin forwarding such data. It is also possible that the
information is already being reported, just through an unexpected reporting channel.

Inventory managers should be alert to the many not-so-obvious forms of reporting, and that
“piggybacking” on existing reporting systems is generally the lowest cost way to get started in
greenhouse gas emissions reporting. Some other systems that may exist include:

Facilities Management and Maintenance Systems. Many organizations use “facility
management” to describe the function of supervising the operation and maintenance of building
or equipment complexes. Facility managers are often responsible for energy consumption, and
frequently keep detailed records of fuel use, equipment utilization, and maintenance. Those
records will often prove useful in preparing an emissions report, provided one has access to the
data.

Financial Accounting Systems. Nearly every institution has some type of financial accounting
system, within which there are relevant subsystems that include the following:

« Accounts payable. These systems generally track how much money has been paid, the
vendors to whom funds are paid, dates of payments, cost centers to which expenses are
charged, and invoices against which payments have been rendered. In many cases the
quantity of fuel or electricity purchased will be available either directly from the accounting
system or indirectly from scrutiny of invoices. Accounts payable data may also indicate
purchases of high-GWP gases such as sulfur hexafluoride, HFCs, or PFCs, if such gases are
in use.

. Inventory. These systems may track stocks and changes in stocks of fuels and possibly high-
value commodities. If firms have storage capacity and large stocks of petroleum or solid
fuels, changes in inventory will be a more accurate indicator of actual consumption than fuel
purchases. Firms may maintain inventories (and records) of high-GWP gases as well.

. Contract records. Energy services will frequently be purchased pursuant to contracts that
may also contain useful information (e.g., prices and vendor names), which can be used to
interpret accounts payable records. Aspects of fuel quality also may be specified in contracts.

Organizations differ greatly in how the accounting function is organized - from highly
centralized at headquarters to decentralized in subsidiary units where only periodic summary
financials are forwarded to the main unit. The information that is useful for inventory preparation
is most likely to be found close to where actual bills are being paid. Consequently, it may be
necessary for the persons responsible for greenhouse gas reporting to identify the appropriate
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personnel to contact, ascertain what information they possess, and develop cooperative
relationships to facilitate the greenhouse gas reporting effort.

Environmental Reporting Systems. Many organizations report emissions and environmental data
to the EPA and other environmental agencies. Because greenhouse gas emissions are not
currently subject to Federal regulation, there are no Federal requirements to report them as such.
However, information systems currently used for other environmental reporting may also collect
incidental information about greenhouse gas emissions, or possibly may be modifiable to collect
greenhouse gas emissions data. For example:

« Environmental Reporting: Clean Air Act. There are about 2,000 facilities in the United
States that are required to report sulfur dioxide and nitrogen oxide emissions to the EPA
under provisions of the Clean Air Act Amendments of 1990, using continuous emission
monitors. Those facilities are also required to report carbon dioxide emissions for calibration
and verification purposes. Numerous other facilities are permitted to report emissions using
other methods, including mass balance. Many gas-fired facilities report carbon dioxide
emissions to EPA using strictly specified fuel-sampling procedures, and checked using
tracking systems. This information is in the public domain.

« Environmental Reporting: Criteria Pollutant Reporting. Many facilities are required to
report their emissions of criteria pollutants to State regulatory agencies, or alternatively to
report expected future emissions for permitting purposes. This information, some of which
may be in the public domain, can be useful to identify possible emissions of greenhouse
gases. Nitrogen oxide and carbon monoxide emissions are generally indicative of
combustion, probably of fossil fuels, and may help indicate where carbon dioxide is being
emitted. Emissions of non-methane volatile organic compounds may be indicative of possible
methane emissions. Data on emissions of certain greenhouse gases, particularly methane and
carbon dioxide, are in some cases collected but not reported.

Environmental reporting is usually the province of environmental management or environmental
safety and health groups. As in the case of financial reporting, environmental management may
be centralized or decentralized. Organizations that operate in multiple countries or are subject to
multiple regulatory jurisdictions tend to be organized around those jurisdictions.

Safety reporting is relevant to greenhouse gas reporting in several specialized contexts. Coal
mine, petroleum, and landfill operators have an acute interest in avoiding methane hazards.
Safety personnel track emissions, leak repairs, or equipment usage to identify hazards or
compute safety metrics. More generally, safety personnel may collect operating data for the
computation of safety metrics.

Economic, Regulatory, and Trade Association Reporting. Many large firms and facilities are
required to report fuel consumption and industrial production to various government agencies,
including the Department of Commerce, the DOE’s Energy Information Administration (EIA),
and the Federal Energy Regulatory Commission (FERC). Individual firm or facility reports are
rarely in the public domain, although inventory managers can obtain copies of their own
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company reports from the person submitting the report. Among the reporting systems that might
be useful in specific instances are the following:

« Large electric power plants report fuel consumption and stocks to the EIA.

« Large regulated electric utilities, including public sector utilities, report to the FERC on
FERC Form 1, which covers electric energy purchased and sold and also considerable
amounts of enterprise-level data.

« Cement plants are surveyed on fuel consumption every two years by the Minerals
Information Service of the U.S. Geological Survey (USGS), and report production to the
USGS annually. The USGS also collects data on a range of limestone uses, which may be
helpful in calculating emissions from the use of lime or limestone as a reducing agent.

« Oil refineries report fuel consumption to the EIA every other year.
. Coke plants report fuel consumption and output to the EIA every year.

« Natural gas producers and natural gas plants report to the EIA on gas balances, which include
production, fuel consumption, and non-hydrocarbon gases removed every year.

« Many manufacturing establishments report physical production to the U.S. Census Bureau as
part of the Current Industrial Reports. Many manufacturers also report additional data,
including energy consumption data, to the Census Bureau as part of the Annual Survey of
Manufacturers. A sample of establishments, including most large energy consumers, is asked
every four years to report detailed information on energy consumption as part of the
Manufacturing Energy Consumption Survey (MECS).

. Construction, mining, and oil and gas production establishments also report a range of data,
including some energy data, to the U.S. Census Bureau.

. Several trade associations, notably the Integrated Solid Waste Management Association, the
American Chemical Council, and the American Iron and Steel Institute, have organized
energy data reporting programs among their members. Reporting of output data to trade
associations is also common.

In most cases, individual establishment or facility data from these statistical programs are not in
the public domain. Reporters may be able, however, to identify the internal corporate data
systems (usually corporate compliance personnel) that support the reports filed for those
programs, and adapt either the information or the system that collects the information for
greenhouse gas reporting purposes.

Tax Reporting. Operating data may also emerge from tax reporting. Firms that produce,

purchase, or sell products subject to royalties or excise taxes (e.g., transportation fuels), may
have or be able to obtain operating data from those records. Other activities such as renewable
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energy production and landfill methane operations are eligible for Federal or State income tax
credits, which require collecting and specifying operating data for the tax authorities.

1.B.4.4 Identifying Organizational Elements

Having defined the scope of reporting, considered possible sources of emissions and
sequestration, and determined what information is already collected by the organization, the next
step is to define which organizational elements need to be involved in developing the inventory.
While it is common to think of inventory development as being primarily a technical problem,
experienced practitioners in large organizations tend to think of the technical problems as being
one of the simplest aspects of inventory preparation. A more acute problem often is securing the
consent and cooperation of the people and organizational units who actually possess the
information needed to prepare an inventory. This task frequently requires tact, diplomacy, and
senior management commitment.

1.B.4.5 Preparing a Report

The most difficult aspect of preparing an emissions report is usually collecting the necessary
information. Actually preparing an emissions inventory and reporting emissions to the Energy
Information Administration is largely an exercise in arithmetic, form filling, and the avoidance
of egregious error. Reporters should pay attention, however, to the categorization of the
information required by the Voluntary Reporting Program.

1.B.4.6 Developing a Reporting Mechanism

It may turn out that not all the needed information is already available. In some cases, new data
collection systems may need to be funded and put in place. New data systems should, in general,
be placed where there are people with access to the facilities and information needed to collect
the data. The first step, however, is always to determine what can be accomplished with existing
data and existing systems.

In either case, it is important to keep in mind that greenhouse gas emissions reporting under the
program is not a “one off” exercise. The reporter should expect to be preparing emissions reports
every year. Ad hoc arrangements and volunteer labor will tend to come unraveled if repeated too
many times.

Hence, in organizing reporting, reporters should keep in mind methods for automating and
institutionalizing the necessary information flows, and giving participants a stake in the success
of the system. In this respect, organizing a greenhouse gas reporting system in a large
organization reflects many of the institutional challenges endemic in motivating and coordinating
action across a large organization. The longer-run requirements for a sustainable reporting
system include:

« A person or group with responsibility, authority and resources to prepare an organizational
emissions inventory to an adequate standard.
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« Management “buy in.”

« Matching actual and potential emissions sources to particular organizational units, and to
responsible individuals or groups within those organizational units.

« Identifying an estimation method for each emissions source, and data source(s) consistent
with the chosen estimation method.

« Funding and organizational approvals so that the responsible party is empowered to collect or
obtain the necessary data for each source and to estimate emissions or forward the data.

. Developing an information system (not necessarily computer-based) that permits the
necessary information to flow to the persons responsible for preparing the inventory.

Quality assurance and verification to ensure that the correct sources are being measured using

appropriate methods, to understand the quality of the underlying data being used, and to ensure
that calculations are performed correctly and reported accurately.
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Technical Guidelines Chapter 1, Part C:
Stationary Source Combustion

1.C.1 Overview

This section covers estimating emissions of greenhouse gases from stationary source combustion
and also from non-fuel use of fossil fuels. In general, reporters can reasonably expect that over
95 percent of their GWP-weighted emissions from stationary source combustion will take the
form of carbon dioxide (CO,), with minor quantities of methane (CH,4) and nitrous oxide (N,O)
emissions.

Most stationary source combustion emissions will be caused by the combustion of commercial
fossil fuels: coal, petroleum, and natural gas. Carbon dioxide emissions from the combustion of
commercial fossil fuels may be accurately measured by the use of continuous emission monitors,
if available, or by mass balance, properly applied. Emissions of methane and nitrous oxide from
combustion are difficult to measure accurately, but fortunately are rather small.

There is also a range of special situations that are unlikely to be of importance to reporters
generally, but may be significant for particular reporters. Those special situations include the
combustion of non-standard fuels such as refinery gas, petroleum coke, or waste fuels such as
lubricating oil or tire-derived fuel; combustion of biomass; and non-fuel use of fossil fuels.
These special situations are discussed at the end of this section.

1.C.2 Estimation Methods

1.C.2.1 Overview

Stationary source combustion is defined as the burning of a fuel to produce heat or motive power
using equipment in a fixed location. Stationary source combustion includes electric power
generation, residential and commercial space heating or district heating, industrial process
heating, cogeneration (also called “combined heat and power”), and powering engines for
diverse purposes, including driving compressors and pumps.

Stationary source combustion almost always generates emissions of greenhouse gases because
the fuel contains carbon, which is oxidized to form carbon dioxide. Almost all (98 to 99 percent)
of the carbon in the fuel is typically oxidized to carbon dioxide and goes up the stack as an
emission. In contrast with many other pollutants, carbon dioxide emissions can often be
accurately estimated using mass balance calculations (see the explanation in the box, “How Mass
Balance Works”). In addition, many large stationary source combustion sources in the United
States (and effectively all large coal-fired units) are equipped with continuous emissions
monitors (CEMS) that record carbon dioxide emissions and report their amounts to the U.S.
Environmental Protection Agency (EPA).
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Stationary source combustion also produces trace quantities of methane and nitrous oxide. Trace
emissions of methane are derived from unburned or partially burned fuel and are most common
when combustion temperatures are low and/or oxygen is deficient. High levels of combustion-
related methane emissions are most probable when the fuel is heated but not combusted, causing
complex hydrocarbons to break down into simpler components, including methane.

It is not entirely clear how and why nitrous oxide is emitted from combustion, but it appears to
be a reaction product of nitrogen oxides (NOy). The EPA reports that nitrous oxide emissions are
more prevalent at lower combustion temperatures. Reporters, however, should devote the bulk of
their effort to calculating carbon dioxide emissions because 95 to 99 percent of global warming
potential-weighted emissions from stationary source combustion are usually attributable to
carbon dioxide.

How Mass Balance Works

Fossil fuels are predominantly composed of various forms of hydrocarbons.
Hydrocarbons are molecules composed of hydrogen and carbon, linked together in
various forms and with varying numbers of atoms. The most common forms of
hydrocarbons found in fuels are “paraffinic” hydrocarbons, which have slightly more than
two hydrogen atoms for each carbon atom, according to the general formula CxHax+2.

Propane, for instance, has the chemical formula C3Hg, or three atoms of carbon (C) and
eight atoms of hydrogen (H). Since carbon has a atomic weight of 12, and hydrogen an
atomic weight of one, the molecular weight of propane is (3*12)/((3*12) + (8*1)) = 36 +
8 = 44. Therefore, propane is 36/44 = 81.8 percent carbon by weight. When any
hydrocarbon is burned (oxidized), the carbon atoms combine with atmospheric oxygen to
form carbon dioxide (CO,), while the hydrogen atoms combine with oxygen to form
water vapor (H,0). Burning propane produces the reaction:

Cs3Hg + 70, = 3CO, + 4H,0

The three carbon atoms in each propane molecule end up in the atmosphere as three
molecules of CO,. To calculate the amount of CO; released when a fuel is burned,
multiply the weight of the fuel by its carbon content and by the ratio of the molecular
weights of CO, (12 + (2*16)) and the atomic weight of carbon (12), or (12 + (2*16))/12 =
44 ] 12. For example, for each ton of propane burned 3.0 tons of CO, is emitted to the
atmosphere (1 * 0.818 * (44/12) = 3.0).

The more complex hydrocarbons that make up liquid fuels and coal are generally about 85
percent carbon by weight, while natural gas is 75 percent carbon by weight. If the weight
and chemical composition of the fuel are known, then CO, emissions can be accurately
calculated using the mass balance approach. Even if only the weight and hydrocarbon
share of the fuel are known, CO, emissions can still be calculated with reasonable
accuracy.
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There are three general methods for estimating emissions from stationary source combustion:
direct measurement, mass balance, and inferring emissions from activity data and sample
emissions measurement. For estimating carbon dioxide, mass balance and direct measurement
(such as stack monitoring) can both produce accurate results. Inferred emissions can generally be
expected to be less accurate, but are acceptable for estimating minor amounts of emissions from
methane and nitrous oxide.

1.C.2.2 Direct Measurement

Continuous Emissions Monitoring (CEM) for Regulatory Purposes. Emissions monitoring
requires inserting a probe into the exhaust stack of a combustion system and continuously
measuring and recording concentrations of carbon dioxide and other gases. Actual emissions are
estimated by calculating the density and flow rate of exhaust gases through the stack. Under the
Clean Air Amendments of 1990 (CAAA), about 2,000 power plants and industrial boilers are
requirlgd to install CEM equipment in their stacks and report emissions of carbon dioxide to the
EPA.

Other Emissions Monitoring. Reporters may monitor their stack emissions even when not
required to by the CAAA. They may be complying with other environmental regulations or
collecting boiler performance information. Reporters should use unregulated emissions
monitoring data with caution, particularly for carbon dioxide. Moving from a concentration
sample to an accurate estimate of mass emissions over time requires solving some challenging
measurement and calibration problems that have already been solved for regulatory monitoring.
Reporters who use monitoring data should ensure that the methods used and the quality of the
data collected is comparable to data that would be acceptable to the EPA for reporting under
Climate Leaders.

1.C.2.3 Mass Balance

Carbon dioxide emissions can usually be computed to an accuracy of five percent or better by
using the following general formula:

CE=QF*CC*FC

Where
CE = carbon dioxide emissions (metric tons)
QF = quantity of fuel (measured in weight, volume, or heating value)
CC = carbon coefficient (a ratio, metric tons carbon dioxide per “unit” of
fuel, as above)
FC = fraction combusted

Fuel quantity may be expressed in terms of weight (tons or pounds of fuel); volume (barrels,
gallons, cubic feet, or cubic meters of fuel); or heating value (million Btu or joules, either higher
heating value or lower heating value). The carbon coefficient for the fuel is the theoretical

12 See the U.S. Environmental Protection Agency’s Acid Rain web site: www.epa.gov/airmarkets/arp/index.html.
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maximum carbon dioxide emission rate expressed in terms of units of carbon dioxide per unit of
fuel denominated by any of these measures. Often, as is the case in these guidelines, a default
emission factor may be calculated by multiplying the carbon coefficient (CC) by the assumed
fraction combusted (FC).

Given the diversity of possible measures, which measure should reporters actually use? In
general, reporters should use the measure of fuel quantity that most accurately represents the
characteristics of the fuel actually consumed by the reporter. Reporters should minimize the use
of default values by substituting parameters based on actual measurements whenever possible.

Table 1.C.1. Getting the Most Accurate Results from Mass Balance

If the reporter knows..... | Fuel | Then calculate: Rating
Weight & carbon content Coal | Weight x carbon content A/B
Actual heating value Coal | Heating value x emission factor A/B
Weight only Coal | Weight x default heating value x emission factor C
Weight & carbon content Qil Weight x carbon content A/B
Actual heating value Qil Heating value x emission factor A/B
Weight only Qil Weight x assumed carbon content x emission factor C
Volume & actual density Qil Volume x density x assumed carbon content A/B
Volume only o] Default heating value x emission factor C
Heating Value Gas | Heating value x emission factor A
Volume only Gas | Volume x default heating value x emission factor B

When the actual carbon content of the fuel is known (based on an ultimate analysis), the most
accurate calculation of mass balance emissions is generally based on weight, although because
the carbon content of a fuel (particularly coal) can vary considerably from one sample to another,
a fairly intensive sampling program is required to produce the most accurate results. More
commonly, the reporter will not know the carbon fraction of the fuel (or will not know it with
sufficient precision), but will know the heating value (this would be typical of natural gas, coal,
and some fuel oils). In this case, the most accurate mass balance calculation would be based on
heating value and a default emission factor.

Liquid fuels, however, are often sold by volume alone, rather than by weight or heating value. If
the reporter knows neither the heating value nor the carbon fraction of the fuel, the most accurate
approach is to use actual density (since volume times density = weight.). It will also frequently
be the case for some liquid fuels, such as diesel and gasoline, that only the volume of fuel is
known. In those instances the reporter must multiply fuel volume by an assumed density and
carbon content per ton, or alternatively, multiply fuel volume by an assumed heating value per
unit volume and an emission factor expressed per unit heating value. Both approaches provide
reasonably accurate results, though not as accurate as when actual heating value or density is
known.

1.C.2.4 Inference

Mass balance estimates are irrelevant to emissions of methane and nitrous oxide (as well as
criteria pollutants). Emissions estimates must necessarily either be made directly, from observed
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emissions, or indirectly by inference from prior direct observation, either of the unit in question,
or of some other comparable unit.

The EPA and the Intergovernmental Panel on Climate Change (IPCC) have published a set of
coefficients for methane and nitrous oxide emissions from various classes of stationary source
combustion devices. Those emission coefficients are based on a relatively small set of sample
tests that are used to infer an “average” or “typical” emission factor, expressed as emissions per
unit of fuel input or power output. The default emission factors are not necessarily the most
accurate measures of actual methane and nitrous oxide emissions because these emissions are not
closely linked to fuel input or power output. They are probably more closely linked to fuel-air
ratios and completeness of combustion generally (for methane) and fuel-air ratios and peak
combustion temperatures (for nitrous oxide). Available research shows that actual emissions of
methane and nitrous oxide from stationary source combustion of fossil fuels are likely to be
extremely small, even if the exact number is unknown.

1.C.3 Common Sources: Carbon Dioxide
1.C.3.1 Coal

Coal is used in the United States primarily for the generation of electric power and is typically
combusted in large (greater than 100 MW) steam turbine electrical generating plants. Virtually
all such units have continuous emissions monitors providing carbon dioxide emissions data to
the EPA under Title IV of the CAAA.™ These plants are typically “pulverized coal” units, in
which coal is ground to a powder and sprayed into the combustion chamber, ensuring nearly
complete combustion.

There are also significantly smaller and older “spreader stoker” units in which lump coal is
mechanically introduced into the combustion chamber, and there perhaps remain a few units in
which a person (“stoker”) physically shovels coal into a furnace. These units are less likely to
have continuous emissions monitors installed, and are more likely to be smaller scale units that
provide space heating for building or campuses.

Coal-fired residential furnaces and stoves were once commonplace in the United States, but have
been largely replaced in recent decades. The units that remain typically burn small quantities of
high-grade anthracite coal, prized for its smokeless properties.

Carbon dioxide emissions data provided to the EPA under the CAAA are rated “A.” (For a
description of the emissions rating system and its uses, please see Part A of this Chapter.)

Carbon dioxide emissions estimates using mass balance may also be used, although the rating of
such estimates will depend on the quality of the information used to estimate the emissions.
Emissions estimates from large coal-fired units using mass balance may also be rated “A,”
provided the mass balance estimate has all of the following features:

3 All coal-fired units with a capacity greater than 25 MW and all new coal-fired units burning fuels with a sulfur
content greater than 0.5 percent are required to install CEMs.
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e Fuel consumption is calculated by measuring fuel fed to the boiler rather than by fuel
purchases or deliveries (this ensures that stock change is not counted as combustion).

e A plant-specific emission factor is calculated based on a periodic (at least monthly)
analysis of coal samples as fed to the boiler, including analysis of both heating value and

carbon content.

e The calculation takes into account carbon not oxidized into the atmosphere.

o The calculation takes into account non-combustion related carbon dioxide emissions
arising from sorbent reactions in flue gas desulfurization units (if applicable).

Some large coal-fired units may not have EPA-regulated continuous emissions monitors. (For
example, the units might be located outside the United States). Reporters may use data from non-
EPA rated continuous emissions monitors if the data are reported to another Governmental

authority for regulatory purposes. Those submissions would also be rated “A.”

Table 1.C.2 illustrates ratings achievable for coal-fired units using mass balance calculations.

Table 1.C.2. Quality Ratings for Estimation of Emissions for Coal-Fired Plants

Plant Type

Emission Factor

Plant-specific,

Plant-specific,

Default based on

periodic . .
single analysis coal rank
analyses
CEM or mass balance supervised by a A NA NA
regulatory agency
Mass balance, measured consumption A B C
Estimated consumption based on B c D

purchases or deliveries

Table 1.C.3 provides default emission factors for U.S. coals assuming 99 percent combustion.

Table 1.C.3. Emission Factors for U.S. Coal Consumption Assuming 99 Percent

Combustion
Emission Factor kgCO,/10° Btu (HHV)
Coal Type CO, Carbon
Consuming Sector
Electric Power 94.31 25.72
Industrial Coking 93.04 25.37
Other Industrial 93.44 25.48
Residential/Commercial 94.53 25.78
Coal Rank
Anthracite 102.58 27.98
Bituminous 92.53 25.24
Sub-bituminous 96.12 26.22
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| Lignite | 95.47 | 26.04 |
Source: Energy Information Administration, Documentation for Emissions of Greenhouse Gases in the
United States 2003, May 2005, Table 6-2, p. 190, web site:
www.eia.doe.gov/oiaf/1605/ggrpt/documentation/pdf/0638(2003).pdf.

The factors shown in Table 1.C.3 were developed using a sample of U.S. coals. Coals burned
abroad, and particularly coals produced and consumed within developing countries, may have
somewhat different characteristics. Those coals may contain additional non-hydrocarbon
materials and hence have a lower heating value (and lower carbon emissions) per ton of coal
burned than in the United States, and reported heating values may exceed actual heating values.
Similarly, “waste coal” burned in the United States may have idiosyncratic characteristics, and
reporters using waste coal or reporting emissions from abroad should make specific efforts to
obtain emission factors derived from analysis of the actual coal being burned rather than using
default emission factors.

The emission factors provided in Table 1.C.3 further assume that the fraction combusted of coal
consumed in the U.S. is 99 percent. If the reporter is not using a default emission factor but
instead has specific information on the carbon content of the coal combusted, the 99 percent
default fraction combusted may be assumed. If the reporter also has specific information on the
amount of carbon left uncombusted (for example, by measuring carbon content in ash) this
specific information should be used.

1.C.3.2 Natural Gas

Pipeline-quality natural gas is usually a homogenous product, typically sold by volume with a
price adjustment for energy content. Most buyers will be aware of the volume and energy content
of their purchases, and because storage of natural gas is difficult, gas purchases will usually
equal gas consumption.

There are large variations in the composition of raw natural gas as produced from the field.
However, processing by gas treatment plants to remove liquids and impurities, and the
homogenizing effect of blending multiple gas streams into the pipeline system, tend to make
natural gas sold to the end user a much more consistent product. For emissions estimation
purposes, most of the variation in composition can be accounted for by estimating emissions
based on energy content, rather than volume at standard temperature and pressure.

Natural gas combustion scales from household water heaters and furnaces to giant gas turbine
power generation installations. Natural gas is also widely used in the industrial sector, in such
analytically complex undertakings as cogeneration and chemical feedstock use. Cogeneration
accounting is discussed in Part F.

As with other fuels, estimates from continuous emissions monitors that report carbon dioxide
emissions under the supervision of a regulatory agency are rated “A.” Emissions estimated using
measured natural gas purchases or consumption volumes and actual or contractual heating
content, together with default carbon dioxide emission factors, are also rated “A” because there
is such little variation in the composition of pipeline-quality natural gas fuels. Mass balance
emissions using measured natural gas volumes, but with assumed or default heating values, is
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rated “B.” Note that residential and commercial natural gas bills usually provide the heating
value of the gas sold.

Natural gas with extremely high or low heating values probably also has an idiosyncratic
chemical composition. Heating values greater than 1,100 Btu per standard cubic foot (scf)**
imply high levels of heavier hydrocarbons such as propane or butane. Lower heating values
imply high levels of inert gases such as nitrogen or carbon dioxide. Reporters using natural gas
with a Btu content lower than 975 Btu per scf, or higher than 1,100 Btu per scf, should avoid
using a default emission factor. To achieve an “A” rating for a mass balance estimate for gas
falling outside this range, the reporter should estimate emissions using an emission factor based
on an actual gas composition analysis (see Table 1.C.4). A gas composition analysis is a listing
of the major component gases in a particular sample of natural gas, measured by molar volume.
Gas composition analyses might be done to determine heating value, carbon content, or to verify
compliance with contractual composition.

Table 1.C.4. Rating of Estimation Methods for Carbon Dioxide Emissions from
Natural Gas Combustion

Estimation Method Rating

Continuous emissions monitoring or mass balance supervised by a regulatory agency A

Mass balance where heating value is known and falls between 975 and 1100 Btu per standard
cubic foot.

Mass balance where heating value and gas composition are known and used to calculate a
situation-specific emission factor (even if outside 975-1100 Btu/scf range)

Mass balance based on purchases where only volume is known (no heating value)

A
A
B
C

Mass balance of “rich” flare gas, or low-Btu gas, where composition is not known

Table 1.C.5 provides default emission coefficients for pipeline quality natural gas in the United
States.

Table 1.C.5. Carbon Dioxide Emission Coefficients for U.S. Natural Gas assuming
99.5 Percent Combusted

Emission Factor

HHV Btu Cont_ent per (metric tons carbon per billion Btu)

Standard Cubic Foot co, Carbon
975 — 1,000 53.74 14.66
1,000 — 1,025 52.65 14.36
1,025 - 1,050 52.79 14.40
1,050 — 1,075 52.93 14.51
1,075 -1,100 53.18 14.50

Source: Energy Information Administration, Documentation for Emissions of Greenhouse Gases in the
United States 2003, May 2005, Table 6-5, p. 194, web site:
www.eia.doe.gov/oiaf/1605/ggrpt/documentation/pdf/0638(2003).pdf.

Natural gas is normally combusted completely in most of its applications. A default of 99.5
percent combustion is used for the emission factors in Table 1.C.5 and should be used in
conjunction with reporter-developed estimates of carbon content in natural gas consumed, unless
the reporter has information that would indicate a different level.

1 A “standard cubic foot” is a cubic foot measured under “standard” conditions: atmospheric pressure, 60 degrees F.
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1.C.3.3 Middle Distillates and Heavy Fuel Oil

“Middle distillates” is a term used by oil refiners to mean refined petroleum products that lie
between gasoline and fuel oil. Distillates are nearly pure hydrocarbons, with extremely low
levels of impurities such as sulfur or nitrogen. The most common distillate products are:

« Diesel fuel (including variants such as railroad, high speed, and marine diesel).

« No. 1 and No. 2 fuel oil (similar to diesel fuel, but not taxed in the United States).
« Kerosene-based jet fuel in civilian (Jet A) and military (JP-8) variants.

. Household kerosene, used for lighting and space heating.

« Undifferentiated middle distillates used as petrochemical feedstocks.

Over the past thirty years, distillates have usually been significantly more expensive than natural
gas. This has resulted in the use of distillates for stationary source combustion being
concentrated primarily in remote, rural, or temporary locations, or in holdovers from the era of
cheap petroleum in the 1960s. Nonetheless, numerous examples remain of stationary source
combustion using distillate fuel in the United States, both large and small. Some of the more
prominent examples are:

« Residential and commercial space heating using heating oil.
. Stationary diesel engines driving electrical generators or providing motive power.
. Gas turbines for power generation (typically peaking power), compression, or motive power.

Heavy fuel oil, also called residual oil, has historically been the leftover heavy fraction of the
crude oil barrel after the valuable light products, including the distillates, have been extracted. As
such, fuel oil can have comparatively high sulfur contents—as much as 6 or 7 percent. In the
United States, however, No. 5 and No. 6 fuel oil is typically a low sulfur semi-synthetic product
that is no longer really a “residual.” There can be considerable diversity in the actual density and
carbon content of heavy fuel oil, therefore, particularly when comparing fuel oils used outside
and within the United States.

Petroleum-burning installations are less likely to use continuous or other forms of emissions
monitoring because of their relatively small size. Mass balance calculations will therefore
usually be the only feasible method to estimate carbon dioxide emissions from those sources.

Most distillates and fuel oils are sold by volume (i.e., per gallon or barrel). Density, carbon
content, and heating value do not normally form part of their formal definition, nor are those
characteristics usually included as contractual elements in fuel purchase agreements. Hence,
neither sellers nor buyers are likely to possess the information they need to calculate emissions
based on the specific characteristics of the fuel. In lieu of this, reporters should use the standard
characteristics shown in Table 1.C.6.
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Table 1.C.6. Emission Factors and Other Default Characteristics for Distillates
and Fuel Oils Used In Stationary Source Combustion, Assuming 99 Percent

Combusted
Emission Factor Gross
(Metric Tons Heat of
per 10° HHV Btu) Combusti Density Percent
Fuel ombusti (Barrels per Carbon
on . .
co, Carbon (Btu per Metric Ton) | (by weight)
Barrel)
Middle Distillate Fuel (No.
1, No. 2, No. 4 fuel oil), 723.1542 19.795 5.825 7.44 86.34
diesel, home heating oil
Jet Fuel (Jet A, JP-8) 70.8716 19.3314 5.670 7.73 86.30
Kerosene 712.3159 19.572 5.670 7.71 86.01
Heavy Fuel QOil (No. 5, 6
fuel oil), bunker fuel 78.8001 21.4928 6.287 6.34 85.68

Source: Energy Information Administration, Documentation for Emissions of Greenhouse Gases in the
United States 2003, May 2005, Table 6-6, p. 200, web site:
www.eia.doe.gov/oiaf/1605/ggrpt/documentation/pdf/0638(2003).pdf.

Table 1.C.7 lists the possible emission estimation approaches, in increasing order of desirability.
(Most reporters will have only volumetric data).

Table 1.C.7. Default Emissions Factor Methods for Distillate and Fuel Oil

Stationary Source Combustion

Information Available

Method

Volume Only

1.C6

Use assumed Btu content and emission factor from Table

Actual weight or volume + actual density

Use or calculate weight of fuel, use default carbon content
from Table 1.C.6, assume 99 percent combusted

Actual heating value (gross or net)

Use emission factor from Table 1.C.6

Actual weight plus actual carbon content

Use actual weight multiplied by carbon content, assume 99
percent combusted

1.C.3.4 Liquefied Petroleum Gases (LPG)

Unlike most hydrocarbon fuels, liquefied petroleum gases are nearly pure compounds,
comprising ethane (C,Hg), propane (CsHsg), and butane (C4Hy0). Ethane is used widely as a
petrochemical feedstock in the United States, with some secondary fuel use; propane is a
common residential and commercial fuel for space heating use; and butane is used primarily as a
petrochemical feedstock. Table 1.C.8 shows ratings for the various estimation methods.

Table 1.C.8. Rating of Estimation Methods for Carbon Dioxide Emissions from
Fuel Oil and Liquid Petroleum Gas Combustion

Estimation Method Rating
Fuel Oil A
Continuous emissions monitoring (CEM) or mass balance supervised by a regulatory agency
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Mass balance based on actual* fuel consumption and specific information about fuel quality

(e.g., heating value, density, or actual carbon content) A
Mass balance based on actual* fuel consumption (or purchases if stock changes are not B
material**), with default emission factors

Mass balance based on fuel purchases (with no correction for stock change, if material**) and c

default emission factors

Liquid Petroleum Gas
Continuous emissions monitoring (CEM) A

Mass balance using actual quantities consumed (volume, weight, or heating value), the actual
product is known and is propane or butane

Mass balance using actual quantities consumed (volume, weight, or heating value), the actual
LPG product is not known.

Mass balance using fuel purchase data (with no correction for stock change, if material) C

*Actual quantities may be based on measured fuel use, fuel purchases corrected for stock changes, or
uncorrected fuel purchase data where stock changes are not material. Changes in stocks equal to or greater than
5 percent of initial stocks are considered to be material.

**Changes in stocks equal to or greater than 5 percent of initial stocks are considered to be material.

In general, it is unlikely that LPG-burning stationary source combustion installations will have
continuous emissions monitors. Consequently, emission estimation should be calculated through
mass balance. The usual uncertainty about the actual density and composition of the fuel will not
normally exist because LPGs are usually pure compounds, and default emission factors should
be highly accurate. Table 1.C.9 below provides the default emission factors for the various LPG.
If you are unable to determine the specific LPG used, apply the default emission factor for
unspecified LPG.

Table 1.C.9. Emission Factors for Liquefied Petroleum Gases Assuming 99
Percent Combusted

Emission Factor Gross
(metric tons/10° Btu) | Heat of Density
Fuel Combusti (Barrels per Metric Pe(rl:: er‘:e?a;;lt))on
co, Carbon | ON Ton) ywelg
(Btu per
Barrel)
Ethane 58.98 16.09 2,916 16.88 80.0
Propane 62.44 17.03 3,824 12.44 81.8
Isobutene 64.43 17.57 4,162 11.20 82.8
n-butane 64.32 17.54 4,328 10.79 82.8
Unspecified
LPG 62.47 17.04 NA NA NA

Source: Energy Information Administration, Documentation for Emissions of Greenhouse Gases in the
United States 2003, May 2005, Table 6-9, p.207, web site:
www.eia.doe.gov/oiaf/1605/ggrpt/documentation/pdf/0638(2003).pdf.

Carbon dioxide emissions estimates based on either mass, volume, or energy calculations are
rated “A” if the actual quantities consumed are used, or if opportunities for storage are small
(less then 10 percent of annual purchases). Emissions estimates are rated “B” if fuel purchase
data are used and stocks are large (greater than 10 percent) relative to annual volume consumed.
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1.C.4 Common Sources: Methane and Nitrous Oxide

Stationary source combustion units also emit trace amounts of methane and nitrous oxide. While
such emissions are rarely measured accurately, available information suggests the amounts will
usually be very small. Some possible emissions estimation methods are:

e Continuous emissions monitoring of methane and nitrous oxide. If there is an installed
CEM that measures and reports methane or nitrous oxide emissions, this method would
be rated “A” (such an installation would be highly unusual).”

o Unit-specific emission factors based on periodic or one-time exhaust sampling (e.g., from
actual measurements) from the actual unit would be rated “A.”

« Default emission factors based on consensus-based published sources (e.g., EIA’s
Documentation for Emissions of Greenhouse Gases in the United States, EPA’s AP-42 or
the IPCC Guidelines) are rated “B.”

o Default emission factors based on other published sources are rated “C.” See Table
1.C.11.

Table 1.C.10. Ratings for Methane and Nitrous Oxide Emissions from Stationary
Source Combustion

Computation Method Rating

Continuous Emissions Monitor

Unit-specific emission factors based on periodic, site-specific measurements
Unit-specific default emission factors from consensus-based single, site-specific
measurement published sources

Default emission factors from consensus-based published sources

Default emission factors based on other published sources.

Owl w |>>

There are three general sources for default emission factors for nitrous oxide and methane
produced from fossil fuel combustion. The EPA’s AP-42 handbook contains factors for a limited
range of combustion technologies located throughout various chapters of the book.*® EPA
periodically updates the emission factors used in the AP-42 handbook as additional information
becomes available. Reporters should consult the AP-42 handbook and use the most current
emission factor available at the time of preparing their emissions estimate. The IPCC has two
sets of methane and nitrous oxide emission factors, one more detailed and technology-specific,
and one more generic. While more specific emission factors are typically preferred over more
general emission factors, the rating for all three sources (AP-42 and the two IPCC factors) is “B
The IPCC generic listing is provided in Table 1.C.11 below.

15 . . . . Lo . .
In some cases it may be possible to extract methane emission estimates from monitoring non-methane volatile organic
compounds (NMVOC) because the monitors may be tracking both total organic compounds and NMVOCs.

18 Environmental Protection Agency, Compilation of Air Pollutant Emission Factors (AP-42), Fifth Edition, Volume I:
Stationary Point and Area Sources, pages 1.2-11 (6/96), 1.3-2.0 (9/98), 1.3-2.11 (7/00), 1.3-14 (9/98), 1-40 (9/98), 1.4-8 (7/98),
1.5-3 (6/96), 1.7-4.2 (9/98), and 3-1-12 (4/00).
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Table 1.C.11. IPCC Generic Methane and Nitrous Oxide Emission Factors for
Stationary Fuel Combustion

Source Methane (kg /10° Btu ) | Nitrous Oxide (kg per 10° Btu)
Coal
Residential 2.700 0.013
Commercial 0.090 0.013
Industry 0.090 0.013
Electricity Generation 0.009 0.013
Petroleum
Residential 0.090 0.005
Commercial 0.090 0.005
Industry 0.018 0.005
Electricity Generation 0.027 0.005
Natural Gas
Residential 0.043 0.000853
Commercial 0.043 0.000853
Industry 0.043 0.000853
Electricity Generation 0.008 0.000853
Wood
Residential 2.70 0.036
Commercial 2.70 0.036
Industry 0.27 0.036
Electricity Generation 0.27 0.036

Source: Intergovernmental Panel on Climate Change, Greenhouse Gas Inventory Reference Manual
(Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories), p. 1-35Note: Converted from
lower heating value metric units to higher heating value Btu by DOE.

1.C.5 Combustion from Special Situations

1.C.5.1 Refinery Gas

Refinery gas accounts for about 5 percent of U.S. oil consumption. Petroleum refiners boil or
cook crude oil and other hydrocarbon feedstocks at very high temperatures. Under the impact of
the heat, some of the hydrocarbon molecules disintegrate, releasing free hydrogen and
hydrocarbon gases such as methane or ethane. Carbon monoxide and carbon dioxide may also be
present. The blend will also contain smaller amounts of vapor from heavier hydrocarbons. The
resulting gas is simultaneously a useful fuel, a potential feedstock, and an explosive safety
hazard to be controlled.

Refineries are typically designed to recycle refinery gas as a heating fuel or (sometimes) a
refinery feedstock. If processes generate refinery gas in excess of fuel and/or feedstock needs,
refinery gas may be flared, or used to provide pilot lights for refinery flares. There are also a few
cases where U.S. refinery gas is upgraded and exported as pipeline-quality natural gas to the
interstate pipeline system.

The difficulties associated with estimating refinery gas emissions for inventory purposes are
twofold:
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. Asan internal byproduct, refinery gas quantities are not always measured accurately,
particularly if the gas is flared. Information about the volume of gas produced and its
disposition may be held by plant operators and never appear in corporate accounting data.

« Even if the volume of refinery gas is known, its chemical composition is often highly
variable because for large refineries the product is a blend of outgases in constantly varying
quantities from a selection of refinery units. The average composition of refinery gas at a
particular location will depend on which units and what feedstocks are being run at each
particular moment in time. Refinery gas therefore includes varying quantities of high-carbon-
per-Btu methane and no-carbon-per-Btu hydrogen.

Two default emission factors for refinery gas are available. The factor used by the Energy
Information Administration (EIA) for its national emissions inventory is 17.51 metric tons
carbon/billion Btu (higher heating value). It is based on an average of a small number of samples
from the early 1990s."’

An alternative default factor has been proposed by the American Petroleum Institute’s (API)
Greenhouse Gas Compendium: 0.057 metric tons carbon dioxide per million Btu, equivalent to
15.45 metric tons carbon per billion Btu, citing “internal company information” as a source.'®
Note that API’s coefficient is about 12 percent lower than EIA’s coefficient (presumably because
API’s sample has more hydrogen and less carbon monoxide, ethane, and propane than EIA’s
small set of samples).

Reporters should use the EIA factor (17.42 metric tons carbon per billion Btu) as a default
emission coefficient if no better information is available because its coefficient, which is for still
gas, most closely approximates that gas mixture use as a feedstock (the principal constituents are
methane, ethane, ethylene, normal butane, butylene, propane, and propylene). Reporters,
however, should use available product-specific information, if reliable, in preference to a default
factor. Ratings for various computation methods are provided in Table 1.C.12.

Table 1.C.12. Ratings for Carbon Dioxide Emissions from Refinery Fuel Gas

Information Available Rating
Continuous emissions monitoring (or mass balance), supervised by a regulatory agency A
Mass balance, based on volume, density and composition from multiple gas samples A

Mass balance, based on volume plus density or heating value, and composition from a single

gas sample B
Mass balance, based on actual heating value, using default emission factor from consensus- B
based published sources

Mass balance, based on actual heating value, using other default emission factor C
Mass balance, based on volume, using assumed heating value and default emission factor D

7 Energy Information Administration, Documentation for Emission of Greenhouse Gases in the United States 2003
(May 2005), pp. 209-210, web site: www.eia.doe.gov/oiaf/1605/ggrpt/documentation/pdf/0638(2003).pdf.

18 American Petroleum Institute, Compendium of Greenhouse Gas Emission Estimation Methodologies for the Oil
and Gas Industry (Final Draft, February 1, 2001), p. 4-8.
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The default factors provided above assume 100 percent combustion. However, reporters should
reduce these factors by the estimated fraction combusted, which should be assumed to be 98
percent for flaring and 99 percent for combustion as a boiler fuel. Reporters should note that both
fuel use and flaring result in carbon dioxide emissions, and should make estimates that
encompass both uses.

1.C.5.2 Petroleum Coke

Petroleum coke is a solid fuel composed of 90 percent or more carbon, and is usually created as a
byproduct of the intensive refining of heavy oil feedstocks. It is similar to a high-grade coal, and
EIA statistics describe it as catalyst coke and as marketable coke. Marketable coke is produced
by oil refineries and sold as a commercial fuel or burned on-site as a fuel. Catalyst coke typically
accumulates within oil processing units and is combusted in situ or removed and combusted.

Refiners may experience difficulty in estimating combustion usage of catalyst coke because it is
not sold and may not be combusted for fuel purposes. A proper accounting for refinery sector
emissions should, however, include accounting for all carbon oxidized into carbon dioxide from
refinery sources, and this will necessarily include estimates of emissions from the combustion of
catalyst coke. Ratings for coke emissions estimations are provided in Table 1.C.13.

Table 1.C.13. Ratings for Carbon Dioxide Emissions from Petroleum Coke.

Information Available Rating |
Continuous emissions monitoring or mass balance supervised by a regulatory agency A
Mass balance based on measured consumption or complete estimate of usage (including
catalyst coke and non-fuel use, if applicable), actual carbon content composition of coke based A

on periodic samples

Mass balance based on measured consumption or complete estimate of usage (including

catalyst coke and non-fuel use, if applicable), actual carbon content based on one-time sample B
Mass balance based on measured consumption or complete estimate of usage, plus B
consensus-based default emission factor

Mass balance based on measured consumption or complete estimate of usage, plus other C
default emission factor

Mass balance based on marketable coke only (if catalyst coke is being combusted) and default D

emission factor

Petroleum coke is used as a commercial fuel by refiners themselves, by electricity generators,
and by cement producers in the United States. In these roles, petroleum coke should be treated in
a manner analogous to coal, though using a petroleum coke emission coefficient.

Petroleum coke is also used as a carbon source in several industrial processes, notably as a
sacrificial anode in aluminum smelting and a reducing agent in some metal refining processes.
To the extent that the non-combustion use of petroleum coke results in the coke being oxidized,
reporters should calculate emissions based on mass balance and the fraction combusted, even
though technically the coke is not being used as fuel.
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1.C.5.3 Flaring of Natural Gas or Crude QOil

Venting and flaring of commercial petroleum fuels is relatively uncommon but does occur,
particularly in remote areas where natural gas cannot be marketed. Some of the more common
circumstance under which flaring or venting may occur are:

. Flaring of waste or “off-spec” gas by gas processing plants.

. Safety flaring during process upsets in gas treatment, petroleum refining, or chemical plants;
or as “pilot lights” on safety flares.

« Production testing on exploration wells (oil or gas).

. Flaring of unmarketable natural gas in remote areas.

Reporters should include any venting or flaring of natural gas and/or crude oil in their inventory.
There are, however, certain complexities associated with estimating emissions from this source.
Those include:

« Venting and flaring is not always measured, nor measured accurately. An “accurate” method
for the purposes of this program is defined as a flow meter. Calculations based on reservoir
balances, gas-oil ratios, or using lasers, are deemed “estimated.”

« Venting natural gas implies methane emissions, which should be calculated by taking a
compositional analysis of the raw natural gas and directly calculating methane (and carbon
dioxide) emissions from the composition of the source gas.

= If the flare has relatively low combustion efficiency, the combustion implies methane
emissions for the uncombusted portion of the flare.

Emissions from flare gas may be materially different than emissions of pipeline quality natural
gas. Untreated raw “associated” natural gas produced in conjunction with crude oil will normally
have high levels of propane and butane compared with pipeline gas. Raw natural gas will also
occasionally have high levels of natural carbon dioxide (for instance, in parts of Texas and in
Indonesia). In all cases, accurate estimates can be derived by calculating an emission factor
based on the composition of a sample of the actual natural gas being flared.

Crude oil flaring is even more unusual than natural gas flaring, but does occur. In some parts of
the world crude oil has also been used as a convenient oilfield boiler fuel (e.g., for steam floods).
The most accurate emissions estimate in this case should be obtained by calculated carbon
content from an ultimate analysis of the crude oil. If an ultimate analysis is not available, a
tolerable proxy can be obtained when density and sulfur content are known, by assuming that
carbon accounts for 85 percent of the non-sulfur portion of the crude oil (i.e., carbon content =
(0.85 * (1-sulfur content)). If the reporter does not know density, a default emission factor can be
obtained from EIA based on typical densities and heating values: 20.10 mtC (73.69 mtCO,) per
10° HHV Btu assuming 99 percent combustion.'® Ratings for venting and flaring of natural gas
emissions along with the rare cases when crude oil is combusted are shown in Table 1.C.14.

19 Energy Information Administration, Documentation for Emission of Greenhouse Gases in the United States 2003
(May 2005), pp. 214-215, web site: www.eia.doe.gov/oiaf/1605/ggrpt/documentation/pdf/0638(2003).pdf.
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Table 1.C.14. Carbon Dioxide Emissions Ratings for Venting and Flaring of
Natural Gas and Combustion of Crude Oil

Computation Method Rating |

Venting and Flaring of Natural Gas

) S . . A
Measured venting or flaring; actual composition data from periodic samples
Measured or estimated venting or flaring; actual composition data from single sample
Estimated venting or flaring; assumed composition using consensus-based published B
default emission factor
Estimated venting or flaring; assumed composition using other default emission factor C
Crude Oil Combustion
Measured fuel use; emission factor based on actual composition data from periodic A
samples
Measured fuel use; assumed composition using consensus-based published default
emission factor
Estimated fuel use; emission factor based on actual composition data from single sample B
Estimated fuel use; assumed composition using default emission factor C

1.C.5.4 Petroleum-Based Waste and Byproduct Fuels

Reporters may also combust a range of specialized waste and byproduct fuels. Those might
include:

« Used lubricants, especially motor oil.
« Used tires or tire-derived fuel.

These waste fuels are often burned in conjunction (co-fired) with more conventional fuels. If
emissions are estimated based on continuous emissions monitoring, the monitor will measure
carbon dioxide emissions from whatever combination of fuels is actually burned. In general,
burning petroleum-based waste fuels raises no special issues.

If emissions are estimated based upon mass balance calculations, the reporter will need to have
information about the quantity and composition of the fuels burned. Reporters are unlikely,
though, to have specific information about the quality and composition of waste fuels, beyond a
measure of the weight, volume, and hopefully the heating value of the fuel. In general, default
emission factors will need to be used to cover these sources. See Table 1.C.15 below.

Table 1.C.15. Emission Factors for Selected Petroleum-Based Waste Fuels

Fuel Density Emission Factor
Waste Oil ? 9,979 kg CO,/gallon
Tires/Tire-Derived Fuel 12,000-15,000 Btu/Lb. 85.8 metric tons CO,/10° Btu

Source: Energy Information Administration, Instructions for Form EIA-1605, Voluntary Reporting of
Greenhouse Gases Program, Appendix B, web site: www.eia.doe.gov/oiaf/1605/coefficients.html.

Table 1.C.16 specifies the ratings used for petroleum-based waste and byproduct fuels.
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Table 1.C.16. Ratings for Carbon Dioxide Emissions from Selected Petroleum-
Based Waste Fuels

Continuous emissions monitoring or mass balance supervised by a regulatory agency

Computation Method Rating

Measured fuel use; emission factor based on actual composition data

Measured fuel use; assumed composition using default emission factor

Estimated fuel use; emission factor based on actual composition data

g0|w>|>

Estimated fuel use; assumed composition using default emission factor

1.C.5.5 Biogenic Fuels (Bagasse, Wood, Wood Waste, and Ethanol)

Biogenic fuels are widely used, including wood burned in residences, wood pellets, wood waste
and black liquor used in the pulp and paper industry, bagasse burned in sugar mills, wood
shavings from lumber yards, and municipal greenwaste. All biogenic fuels contain a significant
fraction of carbon, which is oxidized when burned. By accounting convention, though, carbon
dioxide emissions of biogenic fuels do not “count” as anthropogenic emissions under the
Framework Convention on Climate Change because the carbon embedded in biogenic fuels is
presumed to form part of the natural carbon cycle. Carbon dioxide emissions from the
combustion of biomass fuel, including discarded forest products, should not be included in either
direct or indirect emissions and their quantity should not be included in combination with any
other emissions category nor appear in totals or net quantities. Carbon dioxide emissions from
the non-combustion oxidation of biomass, such as forest floor litter, biomass products, or
discarded forest products such as mill shavings, are similarly considered carbon neutral.

Methane and nitrous oxide emissions from biogenic fuels are considered anthropogenic,
however, and low- temperature combustion of biogenic fuels can produce large volumes of
methane. Reporters combusting biogenic fuels should therefore consider methane and nitrous
oxide emissions from this source.

Methane and nitrous oxide emissions are generally a product of low-temperature combustion.
Methane is favored by conditions of incomplete combustion, where the organic compounds
present in the fuel are broken down by heat into simple hydrocarbons, including methane, but
there is insufficient heat or oxygen to combust them into carbon dioxide. This may be a good
working description of a residential fireplace, but any process in which organic materials are
burned may be considered a potential candidate for methane emission sources.

Reporters should use the same ratings for nitrous oxide and methane emissions from biogenic
fuels as other fuels (shown on Table 1.C.10 above). In common with other sources of methane
and nitrous oxide emissions, emissions derived from continuous monitoring of the exhaust
stream or based on emission factors derived from periodic measurement of the actual source
exhaust stream would be rated “A.” Emissions estimated using a measurement or group of
measurements of the actual exhaust stream would be rated “B.” Emissions estimated using
default emission factors would be rated “C.”

Default emission factors may be derived from the EPA’s AP-42 handbook or from the IPCC

Revised Guidelines. Some typical factors drawn from the AP-42 handbook are shown in Table
1.C.17.
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Table 1.C.17. Methane and Nitrous Oxide Emission Factors for Biogenic Fuel
Sources

Source Methane Nitrous Oxide
Wood residue (industrial) 95.3 kg / 10° Btu residue NA
Conventional wood stove (non-catalytic) 15 kg / metric ton wood NA
Wood stove (non-catalytic) 8 kg / metric ton wood NA
Wood stove (catalytic) 5.8 kg / metric ton wood NA
Residential fireplace NA 0.15 kg /metric ton
Charcoal manufacture 55 kg / metric ton charcoal NA

Source: Environmental Protection Agency, Compilation of Air Pollutant Emission Factors (AP-42), Fifth
Edition, Volume I: Stationary Point and Area Sources.
NA=not available.

1.C.5.6 Municipal Solid Waste and Landfill Gas
Municipal solid waste is transmuted into an energy source by two mechanisms:

« It may be combusted directly (occasionally for disposal, more commonly as an energy
source).

« When buried in a landfill, it may decompose anaerobically (in the absence of oxygen) into
landfill gas (approximately 50 percent methane and 50 percent carbon dioxide and water
vapor by volume), which may be emitted to the atmosphere, flared, or combusted as a
commercial energy source.

The treatment of municipal solid waste intersects with the treatment of fuels from biogenic
sources. From the point of view of emissions accounting, only combustible material that contains
carbon produces carbon dioxide emissions. Only if this material is of anthropogenic origin (e.g.,
plastics) does its combustion produce reportable carbon dioxide emissions.

Reporters that combust municipal solid waste should thus examine estimates of the composition
of their waste stream, identify the “anthropogenic carbon” (largely plastic and other synthetic
materials) share of the waste stream, and derive an emission factor based on the anthropogenic
carbon contained in each ton of municipal solid waste combusted. If the waste combustion plant
is subject to emissions monitoring, the reported carbon dioxide emissions should be pro-rated by
a calculated anthropogenic share of the carbon based on the calculation above.

If plant-specific estimates of the composition of the waste stream are not available, reporters may
use a default emission coefficient developed by the EIA for use in the United States, based on
earlier research by the EPA, which indicated that the U.S. national waste stream was 16 percent
plastics, with an average emission coefficient of 5,771 Ibs. carbon dioxide per short ton of plastic
(2,885.5 kg/metric ton). This is equivalent to 919 Ibs. CO; per short ton of municipal solid waste,
or 92 Ibz% CO;, per million Btu (assuming a municipal solid waste energy content of 5,000 Btu
per Ib.)

0 See the EIA’s voluntary reporting web site: www.eia.doe.gov/oiaf/1605/coefficients.html.
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An emissions estimate using actual calculations from the waste stream linked to continuous
emissions monitoring under the supervision of a regulatory agency would be rated “A.” An
emissions estimate using default calculations from the waste stream, but pro-rating CEM data,
would be rated “B.” An estimate using actual calculations from a measured waste stream, linked
to the quantity of waste combusted, would also be rated “B.” An estimate using the default
emission factor multiplied by the quantity of waste combusted would be rated “C.”

Table 1.C.18. Ratings for Carbon Dioxide Emissions from Waste Fuels

Computation Method Rating |
Continuous emissions monitoring or mass balance supervised by a regulatory agency; pro- A
rated by measured waste composition.
Continuous emissions monitoring or mass balance supervised by a regulatory agency, pro- B
rated by default waste composition.
Consensus-based published default emission factor multiplied by quantity of waste B
combusted
Other default emission factor multiplied by quantity of waste combusted

Non-combustion emissions of landfill gas and related issues are covered in Part E, “Industrial
Processes.”

1.C.6 Special Situations: Nonfuel Use of Fossil Fuels

There are a number of situations where fossil fuels are not combusted directly, but are used for
an industrial purpose. Those uses include:

« Lubricants, asphalt, and petroleum-based solvents.

« Natural gas, LPG, and petroleum products as chemical feedstocks.

. Coke and related products as reducing agents in metals manufacture.

« Fossil fuels as a carbon source in products (e.g. carbon black).

. Transformation of lower value hydrocarbon into a higher value hydrocarbon
(synthetic fuels).

While the treatment of specific industrial processes is largely the province of Part E, this section
provides general guidance on the treatment of non-fuel uses of fossil fuels.

Generally it is the reporter’s responsibility to identify all emissions of carbon dioxide that occur
from facilities owned or controlled by the reporter. When fossil fuels are used for nonfuel uses,
the reporter should identify whether the nonfuel use is sequestering, non-sequestering, or
partially sequestering. In a sequestering use, the carbon in the feedstock remains in the final
product or a waste stream, and is sold or transferred by the reporter to another entity. In non-
sequestering use, the carbon in the final product is oxidized and moves into the atmosphere. In a
partially sequestering use, some carbon is emitted to the atmosphere as carbon dioxide, while a
portion remains embedded in the product.

Most plastics manufacturing (e.g., ethane to ethylene to polyethylene) appears to be largely

sequestering. The carbon in the feedstock is embedded in the product and is transferred by the
chemical manufacturer to another entity. Alternatively, certain forms of chemical manufacturing

Technical Guidelines and Glossary Page 55



(e.g., ammonia and hydrogen production) are non-sequestering; i.e., a feedstock (usually
methane) is reformed into a carbon monoxide and hydrogen synthesis gas. The hydrogen is
separated from the carbon monoxide and further processed (into ammonia, for instance), while
the carbon monoxide is oxidized into carbon dioxide and usually discarded.

The use of coal or coke as a reduction agent is similarly non-sequestering. The coke is
combusted under oxygen-deficient conditions to generate carbon monoxide, which is then used
to scrub oxygen from metal ores. The resulting carbon dioxide is emitted to the atmosphere.

Some processes are partially sequestering. The manufacture of carbon black, for example,
produces appreciable amounts of product composed largely of mineral carbon, but also produces
significant emissions of carbon dioxide and carbon monoxide.

In each case it is the reporter’s responsibility to understand the mass balance of his or her
industrial process, to determine the quantity of carbon flowing through the reporter’s entity, and
ascertain how much carbon was emitted into the atmosphere and how much was transferred in
product or in waste streams. Carbon emitted to the atmosphere is generally a reportable emission,
while carbon that is transferred in product or in a waste stream is not reportable.

A computation of the carbon flows through an industrial process is also called a “material
balance” calculation. A material balance calculation requires measuring or estimating the
quantity of feedstock used in an industrial process, the quantity of product manufactured, and the
quantity of materials discarded into waste streams, including atmospheric emissions. This
particular application of material balance requires calculating the amount of carbon in the input
feedstock, and tracing the fate of that carbon as it flows into manufactured product and waste
streams. The material balance is an accounting of the sources and disposition of carbon, which in
principle should be equal.

To accurately calculate a material balance, the reporter must know how much carbon is in the
feedstock, how much carbon is in the manufactured product, and what happens to the remaining
amount, possibly through stoichimetric calculations. A simpler procedure is to take the quantity
of feedstock purchased and multiply it by a default emission factor and a default fraction not
sequestered. This procedure is appropriate for specialized processes where computing a material
balance is meaningless (e.g., use of asphalt, lubricants, or solvents), or where the source is too
small to make detailed material balance calculations worthwhile.

Generalized emission measurement ratings for non-fuel use of petroleum products are shown
below in Table 1.C.19.

Table 1C.19. Ratings for Carbon Dioxide Emissions from Non-Fuel Use of Fossil
Fuel

Computation Method Rating
Facility-level mass balance computation with known product composition A
Facility-level mass balance computation with default emission factor for product B
Product consumption multiplied by default emission factor multiplied by a default fraction
combustion for asphalt, lubricants, and solvents B
Product consumption multiplied by default emission factor multiplied by default fraction
sequestered (petrochemical feedstocks). C
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Technical Guidelines Chapter 1, Part D: Mobile Sources

1.D.1 Overview

This part of Chapter 1 describes and rates methods of estimating emissions of greenhouse gases
from mobile sources, such as automobiles, tractors, locomotives, watercraft, and aircraft. Mobile
source greenhouse gas emissions include carbon dioxide (CO,), methane (CH,), and nitrous
oxide (N20) from fuel combustion, and hydrofluorocarbons (HFC) from mobile air conditioning
and refrigeration system leakage. Generally, reporters can expect carbon dioxide to be the largest
portion of global warming potential (GWP)-weighted emissions from mobile sources. Methane
and nitrous oxide emissions account for a relatively small fraction of overall mobile source
greenhouse gas emissions: approximately one to two percent combined for mobile sources other
than highway vehicles, and approximately five percent for light-duty, on-road vehicles (e.qg.,
passenger cars and light trucks).?

There are a range of special situations that are unlikely to be of importance to reporters
generally, but may be significant for particular reporters. These include electric, fuel cell, and
bio-fueled vehicles, and they are discussed at the end of Part D.

Carbon dioxide emissions from the combustion of commercial fossil fuels may be accurately
measured by mass balance when properly applied. Emissions of methane and nitrous oxide from
combustion are difficult to measure accurately, but established estimation methods, such as the
use of default emissions factors with vehicle distance traveled data, are available to reporters. For
hydrofluorocarbons, reporters estimate emissions using inventories of refrigerant at installation,
service, and disposal of air conditioning and refrigeration systems.

1.D.2 Estimation Methods

1.D.2.1 Overview

Most mobile source emissions originate from combustion of commercial fossil fuels, such as
diesel fuel, gasoline, jet fuel, and residual fuel oils. Carbon dioxide emissions depend primarily
on the carbon content of the fuel and the amount of fuel consumed. Methane and nitrous oxide
emissions are generally a function of the emissions control equipment used (e.g., type of
catalytic converter), and are also affected by the efficiency and design of the combustion
technology and the level of operation and maintenance. More specifically, methane emissions
from motor vehicles are a function of the amount of hydrocarbons passing uncombusted through
the engine, and any post-combustion control of hydrocarbon emissions, such as catalytic
converters.

21 U.S. Environmental Protection Agency, Office of Atmospheric Programs, Climate Protection Partnerships
Division, Climate Leaders Greenhouse Gas Inventory Protocol Core Module Guidance, Direct Emissions from
Mobile Combustion Sources, October 2004, web site: www.epa.gov/climateleaders/docs/mobilesourceguidance.pdf
?24.S. Environmental Protection Agency, Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990 — 2003
(April 15, 2005), web site:
yosemite.epa.gov/oar/globalwarming.nsf/content/ResourceCenterPublicationsGHGEmissionsUSEmissionsinventory
2005.html.
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Nitrous oxide is specifically produced during the reaction of nitrogen oxide (NO) and ammonia
(NHs) over the platinum in the catalytic converter, and therefore nitrous oxide emissions are
generally greater from vehicles with catalytic converter systems than from vehicles without such
controls, and greater from aged catalysts than from new catalysts.”® Due to these complex
interactions, there is greater uncertainty associated with estimates of methane and nitrous oxide
emissions from mobile combustion sources relative to carbon dioxide emissions estimates.**

In addition to emissions from combustion of fuels, mobile sources equipped with air
conditioning or refrigeration systems also release hydrofluorocarbons through leaks in the
equipment. These gases may also be released during installation, maintenance, and disposal of
the systems. As noted, release of hydrofluorocarbons from individual vehicles may be small, but
considering that their GWPs are hundreds or even thousands of times greater than that of other
mobile source greenhouse gases, the effects of total hydrofluorocarbon emissions are potentially
significant.

For mobile sources, the mass balance method is most frequently used for estimating carbon
dioxide and hydrofluorocarbon emissions based on fuel combustion and refrigerant use,
respectively. Methane and nitrous oxide emissions are commonly estimated by inference using
activity data (e.g., distance traveled or fuel consumption) with emissions factors developed from
sample emissions measurement. For estimating carbon dioxide, mass balance can produce
accurate results if calculations are based on known fuel properties such as weight and carbon
content. Inferred emissions can generally be expected to be less accurate, but are acceptable for
estimating minor emissions from methane and nitrous oxide. For leakage, the mass balance
method or inference may be used to estimate hydrofluorocarbon emissions.

1.D.2.2 Mass Balance

The mass balance method is based on the premise that the mass and energy content of all
components of a substance that go into a process must be chemically accounted for in some form
as output. Estimating emissions using the mass balance method requires knowledge of the
specific chemical reaction and data on the quantity of raw materials used or product
manufactured. This information is used to estimate the mass of materials from at least one part of
the overall chemical reaction. Emissions can then be calculated using the known molecular
proportions (stoichiometric ratios) of the reaction formula.

Carbon dioxide emissions can usually be computed to an accuracy of 5 percent or better by using
the following general formula for mass balance:®

C=QF*CC*FC

22 U.S. Energy Information Administration, Emissions of Greenhouse Gases in the United States, 2001. December
2002, p. 52, web site: www.eia.doe.gov/oiaf/1605/1605ao0ld.html.

%U.S. Environmental Protection Agency, Office of Atmospheric Programs, Climate Protection Partnerships
Division, Climate Leaders Greenhouse Gas Inventory Protocol Core Module Guidance, Direct Emissions from
Mobile Combustion Sources, October 2004, web site: www.epa.gov/climateleaders/docs/mobilesourceguidance.pdf.
% Intergovernmental Panel on Climate Change, Good Practice Guidance and Uncertainty Management in National
Greenhouse Gas Inventories, June 2001, web site: www.ipcc-nggip.iges.or.jp/public/gp/english/.
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Where:
C = carbon dioxide emissions (metric tons)
QF = quantity of fuel (measured in weight, volume, or heating value)
CC = carbon coefficient (a ratio, metric tons carbon dioxide per “unit” of fuel, as above)
FC = fraction combusted

Fuel quantity may be expressed in terms of weight (tons or pounds of fuel); volume (barrels or
gallons or cubic feet or cubic meters of fuel); or heating value (million Btu or joules, either
higher heating value or lower heating value).?® The carbon coefficient of the fuel is the
theoretical maximum carbon dioxide emission rate for a fuel expressed in terms of units of
carbon dioxide per unit of fuel denominated by any of these measures. If the carbon content of
the fuel is known, its carbon coefficient can be calculated by assuming 100 percent of the carbon
is converted to carbon dioxide during combustion. As recommended by the Intergovernmental
Panel on Climate Change (IPCC), reporters should use 99 percent as the factor for the fraction
combusted for all petroleum-based transportation fuels. For natural gas or other gaseous fuels,
reporters should use 99.5 percent as the factor for the fraction combusted.?’

The default carbon dioxide emissions factors provided in this chapter reflect the default carbon
coefficients for the referenced fuel multiplied by the IPCC recommended fraction combusted.
Because reporters will most often have data on consumption of liquid fuels in units of volume,
default emissions factors are presented below per unit of heat content and per unit of volume.

In general, reporters should use the measure of fuel quantity that most accurately represents the
characteristics of the fuel consumed and should minimize the use of default values by
substituting parameters based on measurements whenever possible.

When the actual carbon content of the fuel is known (based on a fuel sample analysis), the most
accurate calculation of mass balance emissions is based on weight. If the reporter does not know
the carbon content of the fuel, but does know the heating value (this would be typical of natural
gas and some fuel oils), the most accurate mass balance calculation would be based on heating
value and a default emissions factor.

Reporters will rarely have access, however, to detailed information about the composition of
transportation fuels. Transportation fuels are predominantly composed of liquid fuels, which are
generally sold by volume, and are defined by specifications that do not normally address heating
value, carbon content, or density. Further, because transportation fuels will often be purchased
by the fuel tank-full in diverse locations, a fuel-testing program will rarely be practicable. For
those reasons, the most accurate approach that is practically achievable will usually be to
multiply fuel volume by an assumed density and carbon content per ton, or alternatively, to
multiply fuel volume by an assumed heating value per unit volume and an emissions factor

%6 Reporters should use higher heating values, which are commonly used in the United States. Internationally,
however, the “lower” heating value is used. For more information, see Intergovernmental Panel on Climate Change,
Greenhouse Gas Inventory Reference Manual: Revised 1996 IPCC Guidelines for National Greenhouse Gas
Inventories, Vol. 3 (Paris, France, 1997), web site: www.ipcc-nggip.iges.or.jp/public/gl/invsl.htm.

%" Intergovernmental Panel on Climate Change, Revised 1996 IPCC Guidelines for National Greenhouse Gas
Inventories: Reference Manual (1997), Table 1-6, www.ipcc-nggip.iges.or.jp/public/gl/invs1.htm.
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expressed per unit of heating value. Both approaches provide reasonably accurate results, though
not as accurate as when actual heating value or density is known.

Fugitive emissions are most easily measured when a known quantity of gas is purchased to
replace losses that have occurred over a given time period. Purchasing refrigerant to re-fill a
refrigerating unit is an example of this situation. In these cases, fugitive emissions are equal to
new purchases/inputs minus the volume of gas required to satisfy net growth in the equipment
stock (net growth equals the difference between the volumes of new and retiring equipment).
This type of estimation falls under the category of mass balance, because it tracks specific
quantities of materials included in a process.

1.D.2.3 Inference

The inference method is the use of emissions factors derived from sample data of prior
observations that are assumed to be representative of certain conditions that will be experienced
by other reporters. Because mass balance estimates are irrelevant to emissions of methane and
nitrous oxide (as well as criteria pollutants), emissions estimates must either be made directly,
from observed emissions, or indirectly by inference from prior direct observation, either of the
unit in question, or of some comparable unit. Nitrous oxide and methane emissions depend
largely on combustion technology type and vintage, emission control technology, maintenance,
and operational practices. Emissions of those gases are only generally related to fuel
consumption or vehicle distance traveled.

Unfortunately, there is insufficient information to establish a useful relationship between many
of the specifics of vehicle characteristics or operating cycles and emissions. Even if such
information existed, reporters would find difficulty in obtaining this information about their
vehicle fleets. Fortunately, available information suggests that nitrous oxide and methane
emissions from mobile sources will normally be small.

Estimates should be based on vehicle distance traveled data and emissions factors for the specific
vehicle types and technology, whenever possible. If vehicle distance traveled data is unavailable,
fuel consumption data together with fuel economy factors can be used to back-calculate vehicle
distance traveled. Information on specific emission control technologies, such as catalytic
converters, may be inferred from weighted averages of control technologies by vehicle model
year.

The IPCC, World Resources Institute/World Business Council for Sustainable Development
(WRI/WBCSD), U.S. Environmental Protection Agency (EPA), Energy Information Administration
(E1A), American Petroleum Institute (API1), and other authorities on greenhouse gas estimation
methods provide inference-based methods to estimate emissions associated with methane and
nitrous oxide emissions from mobile sources. These equations use activity-level data and an
associated emissions factor, according to the following general formula:
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E=AL*EF

Where:
E = Emission
AL = Activity Level
EF = Emissions Factor.

The EPA’s Inventory of U.S. Greenhouse Gas Emissions and Sinks contains U.S. transportation
sector-specific emissions factors.”® Emissions factors are provided by type of highway vehicles
(e.g., passenger cars, light and heavy duty trucks, motorcycles, etc.) and control technology (e.g.,
specific types of catalytic converters and without catalytic converters). Because data on specific
vehicle fleet technologies may not be available, a more generalized set of emissions factors using
a weighted average of control technologies by vehicle model year also is available.?®

Methane and nitrous oxide emissions from mobile sources have not been extensively studied and
the emissions factors are based on a limited number of studies. The studies have been used to
infer an “average” or “typical” emissions factor, expressed in terms of grams per vehicle distance
traveled, or per unit of fuel consumed. Because of the large number of emissions factor tables
that represent all of the vehicles and technology combinations, not all emissions factors are
reproduced in this document. A subset of factors does appear below in Table 1.D.2 in subsection
1.D.3.2.1. Please refer to the EPA inventory for factors specific to the United States. EIA, in its
publication Documentation for Emissions of Greenhouse Gases in the United States 2003, also
provides step-by-step emission estimation techniques, based on IPCC and EPA emissions
factors, for both mobile source nitrous oxide and methane emissions.*® The IPCC also provides
additional guidance, and factors for other countries.** Other bodies, such as the EPA voluntary
programs,® the WRI/WBCSD,** and API,* provide additional guidance and reporters are
encouraged to review those guidance documents when preparing their inventories.

%8 U.S. Environmental Protection Agency, Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990 — 2003,
Annex 3.2, April 2005, web site:
yosemite.epa.gov/OAR/globalwarming.nsf/content/ResourceCenterPublicationsGHGEmissionsUSEmissionsinvento
ry2005.html.

2 U.S. Environmental Protection Agency, Office of Atmospheric Programs, Climate Protection Partnerships
Division, Climate Leaders Greenhouse Gas Inventory Protocol Core Module Guidance, Direct Emissions from
Mobile Combustion Sources (October 2004), web site:
www.epa.gov/climateleaders/docs/mobilesourceguidance.pdf.

% Energy Information Administration, Documentation for Emissions of Greenhouse Gases in the United States 2003
(May 2005), web site: www.eia.doe.gov/oiaf/1605/ggrpt/documentation/pdf/0638(2003).pdf.

*! Intergovernmental Panel on Climate Change, Greenhouse Gas Inventory Reference Manual (Revised 1996 IPCC
Guidelines for National Greenhouse Gas Inventories), web site: www.ipcc-nggip.iges.or.jp/public/gl/invs1.htm.

%2 Intergovernmental Panel on Climate Change, Good Proactive Guidance and Uncertainty Management in National
Greenhouse Gas Inventories (June 2001), web site: www.ipcc-nggip.iges.or.jp/public/gp/english/.

* See www.epa.gov/climateleaders.

* World Business Council for Sustainable Development and World Resources Institute, The Greenhouse Gas
Protocol, September 2001, web site:

www.ghgprotocol.org/plugins/ GHGDOC/details.asp?type=DocDet&Objectld=MTM3NTc.

% American Petroleum Institute (API), Compendium of Greenhouse Gas Emissions Estimation Methodologies for
the Oil and Gas Industry (February, 2004), web site: api-ec.api.org/filelibrary/2004_COMPENDIUM.pdf.
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1.D.3 Application and Ranking of Methods

1.D.3.1 Carbon Dioxide from Mobile Combustion Systems

In mobile systems, carbon dioxide is generated by combustion systems burning carbon-
containing fuels such as motor gasoline, diesel fuel, residual fuel oil, or jet fuel. All mobile
sources that have combustion systems generate carbon dioxide. Reporters that are estimating
emissions from mobile combustion systems that burn fossil fuels should include all of the carbon
dioxide in their emission inventories. Reporters that operate vehicles using pure biofuels such as
ethanol and biodiesel within their entity should not add the carbon dioxide emissions from those
fuels to their inventory of mobile source emissions. If biofuel blends (e.g., E85, a blend of 85
percent ethanol and 15 percent gasoline, or B20, a blend of 20 percent biodiesel and 80 percent
petroleum-based diesel) are used, only the carbon dioxide associated with the hydrocarbon
portion should be reported, and the biogenic carbon should not be added to the emissions
inventory (refer to 1.D.4, “Special Situations,” below). If reporters operate electric vehicles, the
associated carbon dioxide emissions should be estimated using guidance from Part F, “Indirect
Emissions.” Reporters operating hybrid gas-electric vehicles need only report emissions from the
combustion of motor gasoline, because the electricity used is generated within the vehicle and
not obtained from the grid.

1.D.3.1.1 Highway Vehicles

This category includes a variety of on-road light- and heavy-duty vehicles consuming a number
of different fuels. Within this category, on-road light- and heavy-duty vehicles using
conventional fuels (gasoline or diesel) include: passenger vehicles, hybrid-electric vehicles,
motorcycles, light-duty trucks (vans, pick-up trucks and sport utility vehicles), medium-duty
trucks, heavy-duty trucks, and buses. Also included in this category are on-road vehicles using
alternative fuels (e.g., compressed natural gas, propane, methanol), which include passenger
vehicles, light-duty trucks, heavy-duty trucks, and buses. Biofuel, electric, and fuel cell vehicles
are not discussed in this subsection (refer to 1.D.4, “Special Situations,” below, for that
discussion).

As noted above, liquid fuel purchasers for highway vehicles will rarely know more about the
gasoline and diesel fuel they consume than the volume purchased. In contrast to stationary
combustion estimates, therefore, the best available emissions estimate will use a default
emissions factor based upon the type and volume of fuel purchased, although there are issues
associated with how fuel consumption is measured. The most accurate measurement of fuel
consumption will usually take place at the point of purchase. In most cases, fuel will be
purchased from a vendor and pumped directly into the tanks of the vehicle, but reporters should
be alert to the possibility of unreported stock changes. This might occur, for example, when the
reporter purchases fuel in bulk, stores the fuel, and then refuels fuel to vehicles as needed. In
similar cases, reporters should modify actual consumption by fluctuations in the quantity of fuel
in storage.

For highway vehicles, carbon dioxide estimates using the mass balance method are rated “A,”
provided that the volume of fuel burned is measured by metered quantities of fuel loaded into the
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vehicle, or via bulk purchase data that account for stock changes. Use of measured density,

heating value, or carbon content to estimate fuel characteristics more accurately is preferred, if
possible. If reporters know the total heat content or volume of fuel consumed, they can use the
default emissions factors provided in Table 1.D.1. Reporters should compare fuel consumption

data with operating data (e.g., distance traveled or operating hours) and document that the
reported fuel consumption data are reasonable.

Table 1.D.1. Carbon Dioxide Emissions Factors for Transportation Fuels

Transportation Fuel Carbon Dioxide Emissions CalrEI:ir;si)i::(:\)gde
(Pounds/Unit Volume) | \1.41ic Tons / Billion Btu)

Aviation Gasoline 18.15 per gallon 68.50
Biodiesel/Biodiesel Blends®

- B100 0 0

- B20 17.71 59.17

- B10 19.93 65.86

- B5 21.04 69.16

- B2 21.70 71.12
Diesel Fuel (No.1 and No.2) 22.15 per gallon 72.43
Ethanol/Ethanol Blends®

- E100 0 0

- E85 2.9 14.59

- E10 (Gasohol) 17.41 65.29
Motor Gasoline 19.36 per gallon 70.21
Jet Fuel, Kerosene 20.88 per gallon 70.17
Natural Gas 119.90 per 1000 cubic feet 52.80
Propane 12.60 per gallon 62.76
Residual Fuel (No.5 and No.6 Fuel Qil) 25.75 per gallon 78.02

Source: Energy Information Administration, Documentation for Emissions of Greenhouse Gases in the United
States 2003, (May 2005), p.189, web site: www.eia.doe.gov/oiaf/1605/ggrpt/documentation/pdf/0638(2003).pdf.

# Emission factors for biodiesel blends were calculated using the net (lower) heating value for biodiesel from
National Biodiesel Board web site: www.biodiesel.org/pdf files/fuelfactsheets/BTU_Content Final Oct2005.pdf.
The gross (higher) heating value was assumed to be 5% higher than the net heating value (see Revised 1996 IPCC
Guidelines for National Greenhouse Gas Inventories: Reference Manual, p. 1.5, web site: www.ipcc-
nggip.iges.or.jp/public/gl/invs6.htm).

Emission factors for ethanol blends were calculated using the higher heating value for ethanol from U.S.
Department of Energy, Alternative Transportation Fuel Data Center, web site:
www.eere.energy.gov/afdc/pdfs/fueltable.pdf.

Note: Fraction combusted is assumed to be 99 percent for liquid fuels and 99.5 percent for gaseous fuels.

Carbon dioxide emissions estimates based on multiplying default emissions factors by actual
measured volumes from periodic bulk purchases, but without accounting for stock changes, are
rated “B.”

Carbon dioxide estimates using the mass balance method are rated “C” if the mass balance
calculations are based on one of the following sets of data, which must be available to the
reporter:

. Distance traveled activity data by vehicle type, and inferred or assumed vehicle fuel economy
(both city and highway).
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« Vehicle-specific distance traveled activity data, and inferred or assumed vehicle fuel
economy (both city and highway).

« Hours, horsepower hours of operation, or ton-distance shipped and specific information on
fuel consumed per unit of activity data from vehicle suppliers, manufacturers, or in-company
records (e.g., may be common for diesel-fueled trucks).

Carbon dioxide estimates using the mass balance method are rated “D” if estimates are based on
fuel price or expenditure data without corresponding data on quantities purchased, if average
annual or monthly fuel prices are used to calculate fuel volume. Users of fuel expenditure data
for emissions estimation should be alert for fuel purchase records being “contaminated” by
purchases of unrelated non-fuel items from fuel vendors.

Users of electric vehicles should refer to Part F, “Indirect Emissions,” for methods of calculating
emissions from the consumption of electricity used to charge their vehicles.

1.D.3.1.2 Off-Road Vehicles Including Diesel Locomotives

The off-road vehicle category includes a wide variety of vehicles operating on conventional fuels
such as gasoline, diesel, and fuel oil. Vehicles within this category include construction
equipment, agricultural equipment, off-road recreational vehicles, snowmobiles, and diesel
locomotives. Most off-road vehicles will burn un-taxed (red-dyed) diesel fuel (off-highway No.
2-D), which is generally very similar to its taxed counterpart, while locomotives use a special
railroad diesel. Conventional snowmobiles and some other recreational off-road vehicles have
two-stroke spark-ignition engines that burn a gasoline-lubricant mixture, though some relatively
new snowmobiles may operate using four-stroke spark-ignition engines that combust motor
gasoline only.

Most railroad locomotives are powered by diesel engines, burning railroad diesel fuel, though
some corridors (notably in the Northeast) are electrified, while subway and light rail (streetcar)
systems are usually electric. While operators of diesel-fueled railroad vehicles should report
emissions following the guidelines provided here for off-road vehicles, operators of electrified
rail systems should refer to Part F, “Indirect Emissions,” for methods of calculating emissions
from the consumption of electricity used to charge their vehicles.

For off-road vehicles, carbon dioxide estimates using the mass balance method are rated “A,”
provided the mass balance estimates are based on actual fuel quantities consumed as measured
by metered quantities of fuel loaded into the vehicle or by bulk purchase data that accounts for
stock changes. Use of measured density, heating value, or carbon content to estimate fuel
characteristics more accurately is preferred, if possible. Reporters should compare fuel
consumption data with operating data (e.g., operating hours or distance traveled), and document
that reported fuel consumption data are reasonable.

Carbon dioxide estimates using the mass balance method based only on bulk fuel purchase data
not adjusted for stock changes, are rated “B.”
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Carbon dioxide estimates using the mass balance method are rated “C,” provided the mass
balance calculations are based on one of the following sets of data, which must be available to
the reporter:

. Distance traveled data and fuel economy for each engine.

« Hours, horsepower hours of operation, or ton-distance shipped and specific information on
fuel consumed per unit of activity data from vehicle suppliers, manufacturers, or in-company
records.

Carbon dioxide estimates using the mass balance method are rated “D” if estimates are based on
any of the following available data:

« Fuel price data only.
. Default factors for fuel consumption per unit of activity data.

1.D.3.1.3 Water Borne Vessels

Water borne vessels include recreational boats, patrol boats, cruise ships, large freight vessels,
container ships, and many other types of vessels with various purposes. In general, very small
boats (often less than 50 feet in length) have spark ignition inboard, stern drive
(inboard/outboard or inboard/outdrive), or outboard engines that burn gasoline. Some boats less
than 50 feet in length may have inboard compression ignition (i.e., diesel-cycle) engines that
burn diesel fuel or another distillate, residual fuel, or intermediate blend. Nearly all commercial
shipping vessels and cruise ships have large diesel engines that burn residual fuel or an
intermediate distillate-residual blend, but it is possible that some of these compression ignition
engines burn a kerosene-based fuel. Some ships, especially high-speed ferries and military
vessels, have gas turbine engines that burn kerosene-based jet fuel.

The propensity of merchant vessels to blend diesel and residual fuel raises special problems for
estimating emissions accurately, although marine fuels are often sold by weight rather than by
volume and the carbon content of residual fuel is frequently known.

For water borne vessels, carbon dioxide estimates using the mass balance method are rated “A,”
provided the mass balance estimates are based on actual fuel quantities consumed, or via bulk
fuel purchase data that accounts for stock changes, and calculated using one of the following sets
of data, which must be available to the reporter:

. Known weight and carbon content and default fraction combusted.

« Weight or volume and actual heating value of fuel, and default carbon dioxide emission
factor from Table 1.D.1.

« Weight of fuel only and default carbon dioxide emission factor from Table 1.D.1.

« Volume and actual density of fuel and default carbon dioxide emission factor from Table
1.D.1.

« Specified fuel type and default carbon dioxide emissions factor (from Table 1.D.1, above).

Reporters should compare fuel consumption data with operating data (e.g., operating hours or
distance traveled) and document that reported fuel consumption data are reasonable.
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Carbon dioxide estimates using the mass balance method based only on bulk fuel purchase data
not adjusted for stock changes are rated “B.”

Carbon dioxide estimates using the mass balance method are rated “C,” provided the estimates of
fuel quantity are derived from one of the following sets of data, which must be available to the
reporter:

. Distance traveled data and fuel economy for each engine.

« Hours, horsepower hours of operation, or ton-distance shipped and specific information on
fuel consumed per unit of activity data from vehicle suppliers, manufacturers, or in-company
records.

Carbon dioxide estimates using the mass balance method are rated “D” if estimates of fuel
quantity are derived from any of the following available data:

« Fuel price data only.
« Default factors for fuel consumption per unit of activity data.

1.D.3.1.4 Aircraft

This category includes all aircraft running on kerosene jet fuel and non-jet-engine planes that
burn aviation gasoline, or less commonly, motor gasoline. The vehicle types include turbine- and
piston-engine-driven aircraft, turbine-powered transport and air cargo aircraft. Within this
category, reporters will consider all civil commercial uses of airplanes (international and
domestic) consisting of scheduled and chartered flights for passengers and freight. Emissions
from aircraft should be included in the entities inventory in the country in which the fuel was
purchased. This category also includes civil commercial use of airplanes and helicopters for
agricultural purposes, instructional flying, business and pleasure flying, aerial work, and any
other flying.

As in other transportation instances, both aviation gasoline and jet fuel are sold by volume,
without reference to weight or carbon content. Consequently, the most accurate available
estimates of emissions will generally be based on the use of default emissions factors and
estimates of fuel volume.

For aircraft, carbon dioxide estimates using the mass balance method are rated “A,” provided
that the volume of fuel burned is measured by metered quantities of fuel loaded into the vehicle,
or via bulk purchase data that account for stock changes. Use of measured density, heating value,
or carbon content to estimate fuel characteristics is preferred, if possible. Reporters should
compare fuel consumption data with operating data (e.qg., flight hours or operating hours) to
document that reported fuel consumption data are reasonable.

Carbon dioxide estimates using the mass balance method based only on fuel consumption
volume are rated “B” if the data reflect bulk fuel quantities that do not account for stock changes.
Aviation entities may keep large fuel stocks on site, which could significantly influence annual
emissions estimates when not reporting changes in stock.
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Carbon dioxide estimates using the mass balance method are rated “C,” provided the estimates of
fuel quantity are derived from one of the following sets of data, which must be available to the
reporter:

. Distance traveled data and fuel economy for each engine.

« Hours, horsepower hours of operation, or ton-distance shipped and specific information on
fuel consumed per unit of activity data from vehicle suppliers, manufacturers, or in-company
records.

Carbon dioxide estimates using the mass balance method are rated “D” if estimates of fuel
quantity are derived from any of the following available data:

« Fuel price data only.
. Default factors for fuel consumption per unit of activity data.

1.D.3.2 Methane and Nitrous Oxide from Mobile Combustion Systems
1.D.3.2.1 Highway Vehicles

For highway vehicles, estimates of methane and nitrous oxide emissions using the inference
method based on vehicle distance traveled or fuel consumption and an emissions factor for
specific vehicle types are rated “A,” provided the combustion and emission control technology
type are known for each vehicle.

Methane and nitrous oxide emission estimates using the inference method based on total vehicle
distance traveled (for an uncharacterized vehicle mix) and an emissions factor that represents the
weighted average of available control technologies by model year is rated “B.” Those weighted
averages are provided by the EPA Climate Leaders voluntary program.

The methane and nitrous oxide emissions factors for U.S. highway vehicles developed by the
EPA cover a number of vehicle types with various control technologies. The vehicle types
include gasoline passenger cars, light-duty trucks, and heavy-duty vehicles; diesel passenger
cars, light-duty trucks, and heavy-duty vehicles; and motorcycles. The control technology
categories for gasoline vehicles include low emission vehicle technology, three-way catalyst
controls (EPA Tier 1), early three-way catalysts (EPA Tier 0), oxidation catalysts, non-catalyst
controls, and uncontrolled. The control technology categories for diesel vehicles are advanced,
moderate, and uncontrolled, and the control technology categories for motorcycles are non-
catalyst control and uncontrolled. EPA provides control technology assignments for vehicle
types based on model year.®’ For example, all gasoline-fueled passenger cars of model years
1984-1993 have the control technology EPA Tier O/Early Three-Way Catalyst.

% U.S. Environmental Protection Agency, Office of Atmospheric Programs, Climate Protection Partnerships
Division, Climate Leaders Greenhouse Gas Inventory Protocol Core Module Guidance, Direct Emissions from
Mobile Combustion Sources (October 2004), web site:
www.epa.gov/climateleaders/docs/mobilesourceguidance.pdf.

37 U.S. Environmental Protection Agency, Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990 — 2003,
Annex 3.2, April 2005, web site:
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The IPCC provides a range of methane emissions factors for all highway vehicles and control
technologies broken down into Spring/Fall, Summer, and Winter seasons. These factors also are
averaged and expressed in terms of grams per kilometer, grams per kilogram fuel and grams per
mega joule. Averaged single emissions factors are provided for nitrous oxide expressed in terms
of grams per kilometer, grams per kilogram fuel and grams per mega joule.*® In addition, EPA
developed methane and nitrous oxide emissions factors using a weighted average of control
technologies by vehicle model year for cases where data on specific control technologies are
unavailable.* Expressed in terms of grams per mile, these emissions factors cover gasoline
passenger cars, vans, pickup trucks, sport utility vehicles and heavy-duty vehicles for model
years 1984-2003. For diesel passenger cars, light trucks, and heavy-duty vehicles, the emissions
factors cover model years 1966-2001.%° Table 1.D.2, below, presents suggested emissions factors
for methane and nitrous oxide for highway vehicles, which can be used with control technology
assignment data referenced above and defined in Table 1.D.3. If the specific control technology
for the vehicle(s) is not known, reporters can use the emission coefficients for the predominant
control technology for the model year of the vehicle(s) shown in Table 1D.4.

For alternative fuel vehicles, the EPA developed methane and nitrous oxide emissions factors
covering light-duty vehicles, heavy-duty vehicles, and buses. For light-duty vehicles, emissions
factors are provided for methanol, compressed natural gas, liquefied petroleum gas (propane) and
ethanol fuel types. For heavy-duty vehicles, emissions factors are available for liquefied natural
gas in addition to the fuel types listed for light-duty vehicles. For buses, emissions factors are
available for methanol and compressed natural gas. The emissions factors are expressed in terms
of grams per mile and grams per kilometer.**

yosemite.epa.gov/OAR/globalwarming.nsf/content/ResourceCenterPublicationsGHGEmissionsUSEmissionsinvento
ry2005.html.
% Intergovernmental Panel on Climate Change, Greenhouse Gas Inventory Reference Manual (Revised 1996 IPCC
Guidelines for National Greenhouse Gas Inventories), web site: www.ipcc-nggip.iges.or.jp/public/gl/invs1.htm. The
IPCC Good Proactive Guidance and Uncertainty Management in National Greenhouse Gas Inventories updates the
nitrous oxide emissions factors for gasoline vehicles. See Table 2.7 on p. 2.47, web site: www.ipcc-
ngglp iges.or.jp/public/gp/english/.

¥ U.S. Environmental Protection Agency, Office of Atmospheric Programs, Climate Protection Partnerships
Division, Climate Leaders Greenhouse Gas Inventory Protocol Core Module Guidance, Direct Emissions from
Mobile Combustion Sources (October 2004), web site:
www.epa.gov/climateleaders/docs/mobilesourceguidance.pdf.
“0'U.S. Environmental Protection Agency, Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2001,
Annex E (September 23, 2003), EPA 430-R-03-004, pp. E-11 to E-13. All values were calculated from Tables E-9
through E-13, web site:
http://yosemite.epa.gov/oar/globalwarming.nsf/UniqueKeyLookup/LHOD5MJTA3/$File/2003-final-
inventory_annex_e.pdf.

*1 U.S. Environmental Protection Agency, Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2001,
Table E-14 (September 23, 2003), Annex E, EPA 430-R-03-004, pg. E-13, web site:
http://yosemite.epa.gov/oar/globalwarming.nsf/UniqueKeyLookup/LHOD5MJTA3/$File/2003-final-
inventory_annex_e.pdf.
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Table 1.D.2: Emissions Factors for Methane and Nitrous Oxide for Highway

Vehicles
Vehicle Type/Control Technology N,O (g/mi) | CH4 (g/mi) | N,O (g/km) | CH,4(g/km)
Gasoline Passenger Cars
Low Emission Vehicles 0.0222 0.0169 0.0138 0.0105
EPA Tier 1 0.0429 0.0271 0.0267 0.0168
EPA Tier 0 0.0647 0.0704 0.0402 0.0437
Oxidation Catalyst 0.0504 0.1355 0.0313 0.0842
Non-Catalyst 0.0197 0.1696 0.0122 0.1054
Uncontrolled 0.0197 0.1780 0.0122 0.1106
Gasoline Light-Duty Trucks
Low Emission Vehicles 0.0146 0.0216 0.0091 0.134
EPA Tier 1 0.0871 0.0452 0.0541 0.0281
EPA Tier 0 0.1056 0.0776 0.0656 0.0482
Oxidation Catalyst 0.0639 0.1516 0.0397 0.0942
Non-Catalyst 0.0218 0.1908 0.0135 0.1186
Uncontrolled 0.0220 0.2024 0.0137 0.1258
Gasoline Heavy-Duty Vehicles
Low Emission Vehicles 0.0290 0.0434 0.0180 0.0270
EPA Tier 1 0.1750 0.0655 0.1087 0.0407
EPA Tier 0 0.2135 0.2630 0.1326 0.1634
Oxidation Catalyst 0.1317 0.2536 0.0818 0.1464
Non-Catalyst Control 0.0473 0.4181 0.0294 0.2598
Uncontrolled 0.0497 0.4604 0.0309 0.2861
Diesel Passenger Cars
Advanced 0.0010 0.0005 0.0006 0.0003
Moderate 0.0010 0.0005 0.0006 0.0003
Uncontrolled 0.0012 0.0006 0.0008 0.0004
Diesel Light-Duty Trucks
Advanced 0.0015 0.0005 0.0009 0.0003
Moderate 0.0014 0.0005 0.0009 0.0003
Uncontrolled 0.0017 0.0006 0.0010 0.0004
Diesel Heavy-Duty Vehicles
Advanced 0.048 0.0051 0.030 0.0032
Moderate 0.048 0.0051 0.030 0.0032
Uncontrolled 0.048 0.0051 0.030 0.0032
Motorcycles
Non-Catalyst Control 0.0069 0.0672 0.0043 0.418
Uncontrolled 0.0087 0.0899 0.0054 0.559

Source: U.S. Environmental Protection Agency. Inventory of U.S. Greenhouse Gas Emissions
and Sinks: 1990-2003, Annex 3.2, (April 2005), web site:
yosemite.epa.gov/OAR/globalwarming.nsf/content/ResourceCenterPublicationsGHGEmissions

USEmissionsInventory2005.html.

Note: Reporters should refer to the most recent EPA publication of the Inventory of U.S.
Greenhouse Gas Emissions and Sinks for Tier 2 vehicle emission factors, when they become
available. The Tier 2 Program sets new standards for tailpipe emissions for all passenger
vehicles beginning in 2004. The Tier 2 Program also requires reduced levels of sulfur in

gasoline.
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Table 1.D.3 Definitions of Emission Control Technologies and Standards

Uncontrolled

e Vehicles manufactured prior to the implementation of pollution control technologies are
designated as uncontrolled. Gasoline light-duty cars and trucks (pre-1973), gasoline heavy-duty
vehicles (pre-1984), diesel vehicles (pre-1983), and motorcycles (pre-1996) are assumed to
have no control technologies in place.

Gasoline Emission Controls

« Non-catalyst — These emission controls were common in gasoline passenger cars and light-
duty gasoline trucks during model years (1973-1974) but phased out thereafter, in heavy-duty
gasoline vehicles beginning in the mid-1980s, and in motorcycles beginning in 1996. This
technology reduces hydrocarbon (HC) and carbon monoxide (CO) emissions through
adjustments to ignition timing and air-fuel ratio, air injection into the exhaust manifold, and
exhaust gas recirculation (EGR) valves, which also helps meet vehicle NOx standards.

« Oxidation Catalyst — This control technology designation represents the introduction of the
catalytic converter, and was the most common technology in gasoline passenger cars and light-
duty gasoline trucks made from 1975 to 1980 (cars) and 1975 to 1985 (trucks). This technology
was also used in some heavy-duty gasoline vehicles between 1982 and 1997. The two-way
catalytic converter oxidizes HC and CO, significantly reducing emissions over 80 percent
beyond non-catalyst-system capacity. One reason unleaded gasoline was introduced in 1975
was due to the fact that oxidation catalysts cannot function properly with leaded gasoline.

« EPA Tier 0 — This emission standard from the Clean Air Act was met through the
implementation of early "three-way" catalysts, therefore this technology was used in gasoline
passenger cars and light-duty gasoline trucks sold beginning in the early 1980s, and remained
common until 1994. This more sophisticated emission control system improves the efficiency of
the catalyst by converting CO and HC to CO, and H,O, reducing NO to nitrogen and oxygen,
and using an on-board diagnostic computer and oxygen sensor. In addition, this type of catalyst
includes a fuel metering system (carburetor or fuel injection) with electronic "trim" (also known
as a "closed-loop system"). New cars with three-way catalysts met the Clean Air Act's amended
standards (enacted in 1977) of reducing HC to 0.41 g/mile by 1980, CO to 3.4 g/mile by 1981
and NO, to 1.0 g/mile by 1981.

« EPA Tier 1 — This emission standard created through the 1990 amendments to the Clean Air
Act limited passenger car NOx emissions to 0.4 g/mi, and HC emissions to 0.25 g/mi. These
bounds respectively amounted to a 60 and 40 percent reduction from the EPA Tier 0 standard
setin 1981. For light-duty trucks, this standard set emissions at 0.4 to 1.1 g/mi for NO,, and
0.25 to 0.39 g/mi for HCs, depending on the weight of the truck. Emission reductions were met
through the use of more advanced emission control systems, and applied to light-duty gasoline
vehicles beginning in 1994. These advanced emission control systems included advanced
three-way catalysts, electronically controlled fuel injection and ignition timing, EGR, and air
injection.

o Low Emission Vehicles (LEV) — This emission standard requires a much higher emission
control level than the Tier 1 standard. Applied to light-duty gasoline passenger cars and trucks
beginning in small numbers in the mid-1990s, LEV includes multi-port fuel injection with
adaptive learning, an advanced computer diagnostics systems and advanced and close
coupled catalysts with secondary air injection. LEVs as defined here include transitional low-
emission vehicles (TLEVs), low emission vehicles, ultra-low emission vehicles (ULEVs) and
super ultra-low emission vehicles (SULEVS). In this analysis, all categories of LEVs are treated
the same due to the fact that there are very limited CH4 or N20 emission factor data for LEVs
to distinguish among the different types of vehicles. Zero emission vehicles (ZEVSs) are
incorporated into the alternative fuel and advanced technology vehicle assessments.

Diesel Emission Controls

« Moderate control — Improved injection timing technology and combustion system design for
light- and heavy-duty diesel vehicles (generally in place in model years 1983 to 1995) are
considered moderate control technologies. These controls were implemented to meet emission
standards for diesel trucks and buses adopted by the EPA in 1985 to be met in 1991 and 1994.
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« Advanced control — EGR and modern electronic control of the fuel injection system are
designated as advanced control technologies. These technologies provide diesel vehicles with
the level of emission control necessary to comply with standards in place from 1996 through

2004.

Source: U.S. Environmental Protection Agency. Inventory of U.S. Greenhouse Gas Emissions and Sinks:

1990-2004, Annex 3.2 (February 2006), p. A-132-A-133, web site:

http://lyosemite.epa.gov/oar/globalwarming.nsf/UniqueKeyLookup/RAMR6MBLNQ/$File/06_annex_Chapt

er%203.pdf.

Table 1.D.4: Predominant Control Technology by Model Year

Vehicle Type Model Year Predominant Control Technology
2000 and Later Low Emission Vehicle
1995-1999 EPA Tier 1
Gasoline Passenger Cars 1981-1994 EPA Tier 0
1975-1980 Oxidation Catalyst
1973-1974 Non-catalyst

1972 and Earlier

Uncontrolled

Gasoline Light-Duty Trucks

2001 and Later

Low Emission Vehicle

1995-2000 EPA Tier 1
1986-1994 EPA Tier 0
1975-1985 Oxidation Catalyst
1973-1974 Non-catalyst

1972 and Earlier

Uncontrolled

Gasoline Heavy-Duty Vehicles

1996 and Later

EPA Tier 1

1985-1995

Non-catalyst

1984 and Earlier

Uncontrolled

Diesel Vehicles (Passenger
Cars and Light- and Heavy-
Duty Trucks)

1996 and Later

Advanced

1983-1995

Moderate

1982 and Earlier

Uncontrolled

Motorcycles

1996 and Later

Non-Catalyst Control

1995 and Earlier

Uncontrolled

Source: U.S. Environmental Protection Agency, Inventory of U.S. Greenhouse Gases Emissions and
Sinks: 1990-2003, EPA 430-R-05-003, April 15, 2005, Annex 3, Methodological Descriptions for
Additional Source or Sink Categories, Tables 3-24, 3-25, 3-26, and 3-27.
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1.D.3.2.2 Off-Road Vehicles and Marine Vessels

For off-road vehicles, the IPCC developed methane and nitrous oxide emissions factors covering
ocean-going ships, boats, locomotives, agricultural equipment, and construction equipment. The
emissions factors are expressed in terms of grams per kilogram fuel and grams per megajoule.*?
Some off-road vehicle operators may keep records of fuel consumption or vehicle miles traveled,
although for many off-road vehicle types (such as construction equipment), activity data may
only be available in terms of hours of use.

For off-road vehicles and marine vessels, methane and nitrous oxide estimates using the
inference method, when fuel or energy consumption data are known, are rated “A,” provided
IPCC non-road mobile source-specific emissions factors are used.*®

Methane and nitrous oxide estimates using the inference method, when fuel or energy
consumption data are not known but are calculated based on other activity data (e.g., distance
traveled, hours, or horsepower-hours of operation) are rated “B,” provided fuel economy factors
are vehicle model-specific factors, or are based on the engine manufacturer specifications or
other operation-specific data source. For freight transport, reporters must take into account time
spent idling if estimating fuel consumption based on other activity data.

Methane and nitrous oxide estimates using the inference method, when fuel or energy
consumption data are not known but are calculated based on default/generic fuel economy values
derived from the Oak Ridge National Lab’s Transportation Energy Book* (e.g., based on
different or unspecific engine model) other activity data (e.g., distance traveled, hours, or
horsepower-hours of operation) are rated “C.”

1.D.3.2.3 Aircraft

The IPCC provides a “Tier 1I” method for calculating nitrous oxide and methane emissions from
aviation, based on distinguishing between Landing and Take-off Operations (LTO) and cruise
operations (flight at altitude). Close examination of the IPCC emissions factors suggests that for
greenhouse gases, however, the two methods are based upon a single default emissions factor per
kilogram of fuel burned.* For aircraft, the IPCC developed methane and nitrous oxide emissions
factors covering jet and turboprop aircraft and gasoline (piston) aircraft. The emissions factors
are expressed in terms of grams per kilogram fuel and grams per (lower heating value)
megajoule.*®

“2 Intergovernmental Panel on Climate Change, Greenhouse Gas Inventory Reference Manual (Revised 1996 IPCC
Guidelines for National Greenhouse Gas Inventories), Table 1-47, pp. 1.89, web site: www.ipcc-
nggip.iges.or.jp/public/gl/invs1.htm.

“* Ibid

“ 0ak Ridge National Laboratory, Transportation Energy Data Book, Energy Efficiency and Renewable Energy
program, U.S. Department of Energy, web site: http://cta.ornl.gov/data/index.html.

** This is the case for carbon dioxide, and probably the case for nitrous oxide and methane.

*® Intergovernmental Panel on Climate Change, Greenhouse Gas Inventory Reference Manual (Revised 1996 IPCC
Guidelines for National Greenhouse Gas Inventories), Table 1-47, p. 189, web site: www.ipcc-
nggip.iges.or.jp/public/gl/invs1.htm.
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For aircraft, methane and nitrous oxide estimates using the inference method based on individual
jet engine aircraft LTO and cruise data and IPCC default emissions factors*’ are rated “A.”

Methane and nitrous oxide estimates using the inference method, when fuel or energy
consumption data are known, using either the LTO approach or emissions per kilogram of fuel,
are rated “B,” provided IPCC aircraft-specific emissions factors* are used.

Methane and nitrous oxide estimates using the inference method, when fuel or energy
consumption data are not known but are calculated based on other activity data (e.g., distance
traveled, hours, or horsepower-hours of operation), are rated “C,” provided fuel economy factors
are vehicle model-specific factors, or are based on the engine manufacturer specifications or
other operation-specific data source. For freight transport, reporters must take into account time
spent idling if estimating fu